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9.4.2 Physical layer design for Ambient IoT
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Capture in the TR clause on “D2R waveform and modulation”:

· Device 2b internally generates carrier wave with only a single tone. Device 2b does not use a ‘2 single tone’ carrier wave.
Agreement
For device 2b, FDMA in D2R can be achieved by direct modulation of its internally generated carrier wave at the desired frequency.
Agreement
Capture the following TP update into TR 38.769, where source IITM will be added where relevant.

	…(unchanged parts omitted)…
For Alt M1-1, the potential impacts are discussed as follows:

-
Some sources [R1-9421-1], [R1-9421-5], [R1-9421-6], [R1-9421-8], [R1-9421-25], [R1-9421-28], [IITM] report that CP handling of Alt M1-1 can be used for both small and large M values for OOK-4, while [R1-9421-8] reports that for large M values Alt M1-1 is used in combination with Alt M1-2. 

-
Some sources [R1-9421-3], [R1-9421-32] report that CP handling of Alt M1-1 is challenging to be used for large M values for OOK-4 considering large SFO and [R1-9421-8], [R1-9421-18] report that CP handling of Alt M1-1 may not completely remove CP samples due SFO impact.

-
Among of them, [R1-9421-5] show that the performance loss of PRDCH carrying 20 bits due CP handling is negligible at 10% BLER even for large M values (e.g. M=24) under large SFO (e.g. 104-105 ppm). Sources [R1-9421-8], [R1-9421-32] show some performance loss due CP handling for both small (M=4) and large M values (M=24) under large SFO (e.g. 104-105 ppm ) while [R1-9421-32] shows [1~2 dB] loss compare to no CP case for M<24, and an error floor at BLER=10% for M=24.
-
Some sources [R1-9421-9], [R1-9421-18] report that the device needs additional complexity to handle CP, while other sources [R1-9421-5], [R1-9421-25] reports that it is feasible in terms of implementation complexity based on transition edge detection.

-
One source [CATT] report that the device might remove the wrong portion of the CP part of the OFDM symbol due to timing error, which could introduce the false rising/falling edge for the subsequent OOK demodulation.
For Alt M1-2, the potential impacts are discussed as follows:

-
Some sources [R1-9421-1], [R1-9421-4], [R1-9421-9], [R1-9421-3], [R1-9421-5], [R1-9421-6], [R1-9421-8], [R1-9421-32], [R1-9421-18], [R1-9421-25], [R1-9421-27], [CATT] report that CP handling of Alt M1-2 cannot be used for large M values, e.g. M>8, while [R1-9421-8] reports that for large M values Alt M1-2 is used in combination with Alt M1-1.

-
One source [R1-9421-22] report that CP handling of Alt M1-2 can be used for both small and large M values (e.g. M>8) if with the knowledge of OFDM symbol boundaries.

-
Among of them, [R1-9421-8] show that the performance of Alt M1-2 is not applicable for large M values (e.g. M=24) under large SFO (e.g. 104 ppm).

For Method Type 2, two approaches regarding subcarrier orthogonality are studied:

Alt M2-1: Method Type 2 retains subcarrier orthogonality, i.e. CP is copied from the end of an OFDM symbol.

Alt M2-1-1: The first OOK chip(s) and the last OOK chip(s) in an OFDM symbol are the same.

Alt M2-1-2: Ensure a transition edge occurs only at the start or only at the end of the CP, and no transition edge occurs during the CP.

Alt M2-2: Method Type 2 does not retain subcarrier orthogonality.

For Method Type 2, depending on the design, the chip duration generation of OOK-4 for M-chip per OFDM symbol transmission could possibly be determined by:

-
M, and the length of OFDM symbol with CP
-
M, and the length of OFDM symbol without CP
-
Depending on detailed solutions, chip duration may or may not be constant. 
-
One Some sources [R1-9421-28][Huawei] report that non-constant OOK chip duration may impact performance, while some other source [R1-9421-32] report that non-constant OOK chip duration does not impact performance.

For Alt M2-1, the potential impacts are discussed as follows,

-
Some sources [R1-9421-5], [R1-9421-9], [R1-9421-8], [R1-9421-33], [R1-9421-21], [R1-9421-11], [R1-9421-18], [R1-9421-3], [Sony] report that CP handling of Alt M2-1 cannot be used for large M values (e.g. M>8). Source [Ericsson] report that for M>8, the CP size becomes comparable to that of the normal OOK chip, and hence it would be challenging to identify the invalid transition caused by CP. Sources [CATT] report that if chip duration is comparable to CP duration, CP could not be identified as the invalid chip by the A-IoT device, e.g., M>8.

-
Some sources [R1-9421-1], [R1-9421-6], [R1-9421-28], [R1-9421-32] report that CP handling of Alt M2-1 can be used for both small and large M values.

-
Among of them, some sources [R1-9421-6], [R1-9421-32] show the performance of Alt M2-1 for small (M=4) and large M values (M=24) under large SFO (e.g. 105 ppm).

-
Some sources [R1-9421-28], [R1-9421-9], [R1-9421-32] report that CP handling of Alt M2-1 may result in non-constant OOK chip duration around CP. Source [Huawei] report that due non-constant OOK chip duration around CP, Alt M2-1 has ~1dB worse performance than Alt M1-1 at BLER 10% and BLER 1% when it used for small M value (e.g., M = 6).
-
Some sources [R1-9421-3], [R1-9421-5], [R1-9421-11], [R1-9421-32], [R1-9421-22], [R1-9421-4], [R1-9421-27] report that CP handling of Alt M2-1-1 would increase the overhead and reduce spectral efficiency.

-
Some sources [R1-9421-25], [R1-9421-1], [R1-9421-9] report that CP handling of Alt M2-1-1 may not be completely transparent to the device thus add additional complexity.

-
Source [CATT] report that if chip duration is significantly different from CP length, M2-1-2 would be complicated to be used for removing false transition edge occurring at the end of the CP. And M2-1-2 would require high complexity of A-IoT device implementation if it is used for the R2D preamble.

For Alt M2-2, the solutions and potential impacts are discussed as follows,

-
[R1-9421-8], [R1-9421-12], [R1-9421-11], [R1-9421-21], [Panasonic] report solutions for Alt M2-2 (e.g. CP is copied from the start of OFDM symbol or do not insert CP to OFDM symbol). 

-
[R1-9421-3], [R1-9421-5], [R1-9421-6], [R1-9421-10], [R1-9421-32], [R1-9421-25], [R1-9421-28], [R1-9421-4], [R1-9421-9], [R1-9421-22], [R1-9421-27] report that CP handling of Alt M2-2 would cause interference to NR, while [R1-9421-8] reports single PRB guard band would be sufficient to handle interference. [Panasonic] reports the guard band would anyway be needed when SCS is different between R2D and other NR signal.
-
Sources [R1-9421-5], [R1-9421-25], [R1-9421-28], [R1-9421-31], [R1-9421-9], [R1-9421-22], [R1-9421-27] report that CP handling of Alt M2-2 would increase the transmitter complexity.

…(unchanged parts omitted)…


Agreement
Capture the following TP update into TR 38.769

	…(unchanged parts omitted)…
Table 6.1.1.x-1 is a starting point for study of M values and the associated minimum Btx,R2D value. The reader can use any transmission bandwidth greater than or equal to the minimum Btx,R2D value.
Note:
Depending on further study, the maximum value of M may be less than 32.

Note:
The performance can be better when transmission bandwidth greater than the minimum Btx,R2D, depending on device processing and transmit power constraint.

Table 6.1.1.x-1: Starting point for M values and the associated minimum Btx,R2D value

M

Minimum Btx,R2D # of PRBs

1

1

2

1

4

1

6

1

8

2

12

2

16

2

24

23
32

34
…(unchanged parts omitted)…


Agreement
For R2D FEC, adopt the TP below in Section 6.1.1.x.1 of TR 38.769:

	***unchanged parts omitted***
6.1.1.x.1
Channel coding and CRC

PRDCH without FEC is studied as the baseline, with evaluations performed by comparison to this baseline. The study assumes PRDCH can attach a CRC, where the baseline design is using a 6-bit or 16-bit CRC with polynomials as per TS 38.212 [R1-3]. A baseline of no CRC attachment is also included. For the study of CRC designs, see Clause 6.1.0.2.

Sources [Huawei], [TCL], [Vivo], [ZTE], [Samsung], [Futurewei][CMCC][Xiaomi][Fujitsu] and [Apple] provide justifications for not having R2D FEC beyond the baseline, with the following observations:

· Sources [Huawei], [ZTE], [Futurewei], [Xiaomi] and [Fujitsu] state that FEC decoders require complicated arithmetic or logical operations which are too complicated to be implemented in device 1.

· Sources [ZTE] and [Samsung] state that it would be difficult for a device to implement a FEC decoder due to its low power consumption.

· Source [Huawei] and [Fujitsu] state that FEC decoder procedures such as the de-interleaving operation or route metric caching require volatile memory of a certain size with a certain reading/writing throughput, which cannot be supported by device 1.

· They also mention that the received signal power at the device can be relatively high (e.g., >-60 dBm), making the receiver sensitivity not the bottleneck of the link budget for target coverage, even for device 2b, thus questioning the necessity of R2D FEC.

Sources [Ericsson] and [Qualcomm] provide the following justifications for using FEC in R2D for device 2b:

· Source [Ericsson] claims that CC with small constraint lengths (e.g., 3 or less) offer a substantial performance gain over uncoded transmission, especially in a fading environment, with reasonable complexity. CC with explicit tail-biting transmission to aid decoding may be suitable for R2D.

· Source [QC] claim 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%. 

***unchanged parts omitted***


Agreement
For R2D repetitions, adopt the TP below in Section 6.1.1.x.2 of TR 38.769:

	***unchanged parts omitted***
6.1.1.x.2
Repetition

Regarding R2D repetitions, it is reported by sources [R1-9421-11] (only for R2D control, if supported), [R1-9421-12], [R1-9421-32], [R1-9421-13], [R1-9421-21], [R1-9421-19], [R1-9421-28] and [R1-9421-30] that R2D repetitions should be supported. The following are observations regarding the different types of repetition that should be supported.

… …

***unchanged parts omitted***
On the other hand, it is reported by sources [Nokia], [Ericsson], [Huawei], [CMCC], [TCL] and [Vivo] that R2D repetitions should not be supported, giving justifications:

· Source [Nokia] mention that the transmission power of a R2D transmission is typically much greater than its corresponding D2R transmissions, and if the R2D transmission has coverage issues, then the corresponding D2R transmission would not reach the reader. Hence it should be considered for D2R transmissions alone.

· Source [Ericsson], [TCL] say that not supporting R2D repetition can be the baseline.

· Source [CMCC], [LG] and [Xiaomi] include that the decision to support R2D repetitions can be based on whether the activation threshold is a bottleneck according to the coverage evaluations.

· Source [CMCC][Xiaomi] and [Huawei] also comment that from a device perspective, especially device 1 with low complexity and memory storage, it is not possible to combine multiple repetitions.

***unchanged parts omitted***


Agreement
For R2D repetitions, adopt the TP below in Section 6.1.1.x.2 of TR 38.769:

	***unchanged parts omitted***
Bit-level repetition

Positive observations:

-
Source [R1-9421-3] state that bit level repetition can be studied if coverage enhancement of the R2D link is required.

-
Source [R1-9421-12] state that bit level repetition where every input bit repeated for 8 times before Manchester coding could have ~4dB gain when compared with no repetition. They claim using Manchester codes with repetitions require a simple structure and consumes extremely low power.

-
Source [R1-9421-28] state that bit level repetitions with scrambling is required since the former would improve the link budget and the latter would add extra randomness to the information bits, providing gain by suppressing the interference. They also claim that repetitions can be used in devices that cannot soft combine the repetitions, and majority-based detection would offer gain for these devices.

Negative observations:

-
Source [R1-9421-9] state that since envelope detection is used for R2D reception, bit level repetition may not provide expected gain for the reception.

-
Source [R1-9421-8] state that though it may be feasible, it increases the device’s processing complexity for reception, e.g., combination, repetition parameters determination.

· Source [Fujitsu] state that repetition gain of a bit-level repetition, which requires additional standardization effort to define necessary control information, mainly comes from the energy accumulation of the signal, and should be similar with the achievable gain by directly lowering the chip rate/reducing the M value, which does not require this additional effort.

Block-level repetition

Positive observations:

-
Source [R1-9421-32] state that at least for large TBs, repeatedly transmitting the TB multiple times consecutively provides time diversity gain and increases the probability that at least one of the repetitions can be successfully decoded.

· Source [ZTE] further state that the device can perform the block-wise detection without chase combination of the repeated blocks so that block-level repetition may not need additional buffer and increase the complexity and cost.

· Source [Fujitsu] state that block-level repetition can obtain a bigger repetition gain than that achieved by bit- or chip-level repetition, and can enjoy both the time diversity gain and the gain of energy accumulation.

Negative observations

-
Source [R1-9421-8] state that considering limited capability and cost for an A-IoT device, block level repetition for R2D should be excluded.

· Source [Fujitsu] state that block-level repetition additionally requires a very large volatile memory to store all received repetitions of one block.

Chip-level repetition

Positive observations:

-
Source [R1-9421-9] state that it may be useful for R2D transmission coverage and can be considered to generate a lower data rate than 7kbps.

-
Source [R1-9421-30] state that chip-level repetition increases the chip duration, improving the edge detection at the receiver, thereby having a ~2dB performance increase when compared to bit level repetitions.

Negative observations:

-
Sources [R1-9421-3], [R1-9421-8] and [R1-9421-11] state that chip-level repetition is equivalent to long chip transmission, i.e., by using a smaller modulation index, and therefore, there is no need to support this option.

· Source [Fujitsu] state that repetition gain of a chip-level repetition, which requires additional standardization effort to define necessary control information, mainly comes from the energy accumulation of the signal, and should be similar with the achievable gain by directly lowering the chip rate/reducing the M value, which does not require this additional effort.

***unchanged parts omitted***


Agreement
Add the following TPs to the TR:

	6.1.1.x
R2D multiplexing

For R2D, time-domain multiplexing is the baseline. Code-domain multiplexing is not considered for device 1/2a/2b. Frequency-domain multiplexing is not considered for the devices with an RD-ED receiver (see Clause 5). For device 2b with IF-ED or ZIF receivers, the study considered the following technical aspects:
Table 6.1.1.x-1: Observations on the feasibility and necessity of FDM for Device 2b
Aspects to be considered for feasibility/benefit

Observations

Inventory completion time
Sources [R1-9421-3], [R1-9421-22], [R1-9421-4], [R1-9421-12] state that FDM is beneficial to reduce the inventory completion time, especially considering more devices per reader due to the larger maximum distance for Device 2b.

Source [vivo] state that inventory latency reduction would be limited, due to difficulty of allocating frequency resources efficiently for Msg2 by reader with uncertainty of number of successful Msg 1, and difficulty of informing an A-IoT device R2D frequency location other than Msg2.
Device implementation

Sources [R1-9421-18], [R1-9421-27], [R1-9421-3], [R1-9421-22], [R1-9421-12] state that channel selection may be performed by a narrowband filter (IF filter or BB filter) after the mixer for Device 2b, if the LO accuracy is sufficiently good.

Source [Panasonic] states that narrowband RF filtering at device side to realize R2D FDM would be challenging considering reception performance and complexity, while such filtering would also limit the deployment scenario supported by device.
Sources [R1-9421-34], [R1-9421-24], [R1-9421-6], [R1-9421-2], [R1-9421-5] state that it would be challenging for a device using an RF-ED receiver architecture to distinguish the different incoming signal fall into the RF BW without narrowband RF filtering which may cause increasing device implementation complexity and power consumption.

Source [R1-9421-3] states that the larger R2D responses are harder for the devices to process in the case of TDM+FDM/TDM only for D2R/R2D, respectively.

Spectrum utilization

Source [R1-9421-34] state that the spectral efficiency may be impacted by the guard band across the FDMed R2D transmissions to multiple devices.

Source [Ericsson] state that the spectrum utilization can still be higher for non-RF-ED based devices if FDM is used, despite guard bands.

Source [vivo] state that spectrum efficiency improvement would be limited, due to difficulty of allocating frequency resources efficiently for Msg2 by reader with uncertainty of number of successful Msg 1, and difficulty of informing an A-IoT device R2D frequency location other than Msg2.
Coverage (in the case of single reader)

Source [R1-9421-5] states the R2D link budget of a reader is decreased due to the power splitting between the parallel R2D channels.

Source [R1-9421-3] states the coverage target of Device 2b is still larger than that of Device 1 (with RF-ED architecture).

Reader implementation (in the case of single reader)

Source [R1-9421-5] states that additional interference suppression may be needed to deal with the intermodulation between the parallel R2D transmissions.

Harmonized design for all devices

Sources [R1-9421-26], [R1-9421-9], [R1-9421-19], [Spreadtrum] state that it is not appropriate to include FDM only for Device 2b, while Device 1 and 2a cannot support it.

Source [vivo] state that non-harmonized resource allocation for different device types complicates the system design.

Source [Ericsson] state that a deployment supporting a combination of RF-ED devices and non-RF ED devices can be harmonized by TDMA’ing different types of R2D time slots, where some time slots can support only a single frequency occasion while other time slots support multiple frequency occasions.



Agreement
In R2D, a chip corresponds to one OOK symbol.

Conclusion

Since R2D chip duration is a consequence of CP handling design, it is not studied further in RAN1, and is left to a later phase.

Agreement
Capture the following TP update into TR38.769

	…(unchanged parts omitted)…
For all devices, the following D2R baseband modulations are studied:

-
OOK

-
Binary PSK

-
Binary FSK, as MSK (and not GMSK)

OOK and BPSK for baseband modulation are feasible for D2R for all devices.
-
Sources [R1-9421-3], [R1-9421-11], [R1-9421-28], [R1-9421-16] report that MSK is feasible in some way:

-
[R1-9421-3], [R1-9421-11] say it is feasible for all devices, for example when it is implemented with multiple impedances switching

-
[R1-9421-28] say that it would be implemented as square-wave MSK for devices 1 and 2a, and sine-wave MSK for device 2b

-
For device 1 and 2a this type of MSK does not have continuous phase

-
[R1-9421-3] say that benefits include lower sidelobes than OOK and BPSK, and lower BER than OOK and same BER as BPSK 

-
Sources [R1-9421-5], [R1-9421-2], [R1-9421-9], [R1-9421-7], [R1-9421-8], [R1-9421-10], [R1-9421-23] report that MSK is either infeasible or should be deprioritized for all devices.

-
[R1-9421-5], [R1-9421-9], [R1-9421-7], [R1-9421-8], [R1-9421-2], [R1-9421-10], [R1-9421-23] say that MSK is less spectrally efficient than OOK and BPSK because there are issues due to poor phase accuracy in the device

-
[R1-9421-5], [R1-9421-7], [R1-9421-2], [R1-9421-8], [R1-9421-10] say that MSK would increase reader and device complexity

-
[R1-9421-8] say that MSK performance for device 2b would materially degrade due to CFO

-
[TCL] say that it is difficult to modulate MSK signal using impedance switching due to the implementation complexity, including frequency mapping and phase continuation. [Xiaomi] say that if multiple impedances switching are applied to maintain the phase continuity, it violates the principle of low device cost.

…(unchanged parts omitted)…


Continue offline discussion on possible addition of observations from Wiliot and Mediatek (Matthew)
Agreement
For D2R line codes, FM0 is deprioritized.

Agreement
For small frequency shifts in D2R, adopt the TP below in Section 6.1.2.x.1 of TR 38.769:
	6.1.2.x.1
Small frequency shifts

***unchanged parts omitted***
Sources [R1-9421-1], [R1-9421-8], [Huawei] and [R1-9421-28] state that Manchester codeword repetitions within the same time duration corresponding to an information bit is equivalent to bit-level repetitions within the same duration prior to Manchester encoding. Sources [CMCC] and [Vivo] state that option 1 has a more concentrated spectrum, and requires lesser bandwidth as compared to Option 2. Source [Vivo] further states that while Option 1 and option 2 show similar BLER performance for single device case, Option 1 outperforms Option 2 with FDMA, especially with presence of 105 ppm SFO. Option 1 can achieve additional gain for coverage evaluation due to lower effective noise power.
Sources [R1-9421-8], [R1-9421-32] and [R1-9421-13] state that the output waveform for Manchester line codes by Option 2 introduces a phase reversal of the output waveform in the middle of the time duration corresponding to an information bit as compared to Option 1.

***unchanged parts omitted***


Continue offline discussion on possible addition of observations from InterDigital (Matthew)
Agreement
For small frequency shifts in D2R using Manchester line codes by multiplying the Manchester codeword with a square wave corresponding to the small frequency-shift, the time duration Tb corresponding to each information bit includes Rs number of square wave periods, where Rs = Tb/(2 * chip length), such that the amount of small frequency shift in Hz is Rs/Tb = 1/(2 * chip length).

Agreement
For small frequency shifts in D2R using a square-wave corresponding to the small frequency-shift and no line codes, the time duration Tb corresponding to each information bit includes R number of square wave periods generated by 2R OOK chips [0, 1, 0, 1 …]/[1, 0, 1, 0 ..] or BPSK chips [-1, +1, -1, +1, …]/[+1, -1, +1, -1, …], such that the amount of small frequency shift in Hz is R/Tb.

Agreement
For D2R block level repetitions, adopt the TP below in Section 6.1.2.x.3 of TR 38.769:

	***unchanged parts omitted***
6.1.2.x.3
Repetition

For definitions of repetition types, see Clause 6.1.0. For D2R, at least block-level and bit-level repetition type 1 and type 2 are studied.

Block-level repetition

***unchanged parts omitted***
Performance comparisons

-
Source [R1-9421-5] state that block level repetition yields ~2.5 dB performance gain compared with bit level type 2 due to the additional time diversity gain for the combination of decoding. 

-
Source [R1-9421-10] state that block level repetition provides ~4dB performance gain @1% BLER compared with bit level type 1.

-
Source [R1-9421-32] state that block level repetition provides ~6dB performance gain @10% BLER compared with no repetitions and the performance between block level repetition and bit level repetition type 2 is the same.

-
Source [R1-9421-8] state that the performance difference between block level repetition and bit level repetition without CW hopping is minor, while block level repetition outperforms bit level repetition with CW hopping.

-
Sources [R1-9421-11] and [R1-9421-32] state that bit level repetition and block level repetition have similar performance in the AWGN channel but block level repetition could achieve more time diversity gain than that of bit level type 2 in a fading channel.

· Source [Xiaomi] state that for the no FEC case, with 3 times repetition, block level repetition provides ~5dB gain at 1% BLER when compared with bit level type 1 repetition.
***unchanged parts omitted***


Agreement
For D2R FEC, update Table 6.1.2.x.1-1 of Section 6.1.2.x.1 of TR 38.769 as follows:
	***unchanged parts omitted***
Table 6.1.2.x.1-1: Summary of study on D2R FEC

Option #

CC Design

Pros

Cons

Baseline

Constraint length 7

Code rate 1/3

[R1-9421-8] Decoding performance is increased by ~3dB@10% BLER, when compared to no CC but with repetitions.

[R1-9421-8] Decoding performance is increased by ~7dB@10% BLER, when compared to no CC or repetitions.

[R1-9421-27] Decoding performance is increased by 6.23dB@10% BLER with 2RX, when compared to no CC or repetitions.

[R1-9421-27] Decoding performance is increased by 6.42dB@10% BLER with 4RX, when compared to no CC or repetitions.

[R1-9421-11] Decoding performance is increased by ~2dB@10% BLER, when compared to LTE CC-TBCC with code rate 1/2.

[R1-9421-16] Decoding performance is increased by ~2.5dB@1% BER, when compared to code rate 1/2.

[R1-9421-10] Decoding performance is increased by ~1.5dB@1% BLER, when compared to constraint length 4, code rate 1/3

[R1-9421-10] Decoding performance is increased by ~2.5dB@1% BLER, when compared to constraint length 6, code rate 1/3

[Nokia] Decoding performance is increased by 3 dB@ 10% BLER with 2 RX, when compared to no CC or repetitions
1

Constraint length 4

Code rate 1/2 – 1/4

[R1-9421-3] Code rate 1/2:  Detection performance is increased by 3dB@10% BLER, when compared to no CC or line codes.

[R1-9421-9] Code rate 1/2:  Decoding performance is decreased by ~0.86dB@10% BLER, when compared to constraint length 7, code rate 1/2.

[R1-9421-32] Code rate 1/2: Decoding performance is decreased by ~1dB@10% BLER, when compared to constraint length 7, code rate 1/2.

[R1-9421-32] Code rate 1/4: Decoding performance is decreased by ~1.4dB@10% BLER, when compared to constraint length 7, code rate 1/4.

[CATT] Code rate 1/2, 1/3, TBCC: Decoding performance is decreased by ~1dB@10% BLER, when compared to baseline with TBCC.
***unchanged parts omitted***


Agreement
Update section 6.1.2.x.1 of the TR on D2R multiple access:

	D2R multiple access

6.1.2.x.1
Multiple access schemes

Time-domain multiple access, and frequency domain multiple access at least by using a small frequency shift in baseband are studied. Whether code-domain multiple access is feasible and necessary for all devices is FFS.

Time-domain multiple access is the baseline. Sources [R1-9421-9], [R1-9421-11], [R1-9421-3], [R1-9421-1], [Nokia], state that the benefit of TDMA is the low implementation complexity for both device and reader, while the inventory efficiency may be relatively low for TDMA only, and sources [R1-9421-27], [R1-9421-22], [R1-9421-24], [CATT], [Nokia], [Qualcomm], state that the guard interval, if supported, between consecutive D2R transmissions from different devices depends on the SFO after clock calibration.

According to sources [R1-9421-3], [R1-9421-9], [R1-9421-11], [R1-9421-35], [R1-9421-27], [R1-9421-1], [R1-9421-5], [R1-9421-25], [Nokia], the potential benefit of frequency-domain multiple access is to increase the transmission efficiency and reduce collisions, while the cons include more complicated frequency resource management and reception processing at reader according to source [R1-9421-9], and potentially increased power consumption for devices according to sources [R1-9421-11], [R1-9421-17], [R1-9421-12], [Nokia]. It is observed that the performance of FDMA may be impacted by the following aspects.

-
Large SFO of device

-
Sources [R1-9421-28], [R1-9421-32] state that large SFO (e.g. up to 105 ppm) produces higher BLER degradation due to inter-device interference than a smaller (e.g. up to 104 ppm) or the ideal case of zero SFO. Source [Qualcomm] states that under the case of the large SFO (e.g. up to 105 ppm), two among four devices using small frequency shifts have BLER floor and cannot achieve BLER 1%. Source [R1-9421-32] state that under the case of the large SFO (e.g. up to 105 ppm), two FDMA-ed devices induce about 0.6~1dB performance loss compared to single device.

-
Source [R1-9421-5] state that the large SFO (e.g. up to 105 ppm) has little impact (e.g., ≤1dB) on the performance of FDMA between multiple devices.

-
Sources [R1-9421-8] think that sufficient gap between D2R transmissions should be reserved to accommodate frequency error caused by SFO/CFO

-
Sources [R1-9421-17] think that the required guard band size increases for higher switching frequencies for passive devices.

-    Source [CMCC] observed that the performance gap among 10% SFO and 1% SFO (residual) is similar compared FDMA with no FDMA, e.g., about 0.5dB @ 10% BLER, i.e., the performance gap among 10% SFO and 1% SFO (residual) is irrelevant to whether FDMA scheme is used or not.

-    Source [Huawei] state that large SFO (e.g. up to 105 ppm) has little impact on the link performance of FDMA, as it is observed that the performance gap between 10% and 1% SFO is negligible in the case of FDMA among 4 devices.

-
Timing offset between devices

-
Sources [R1-9421-25] state that timing offset results in a degradation of up to ~4 dB and the loss varies for different devices depending on the level of experienced interference

-
Maximum range of small frequency shift

-
Sources [R1-9421-24] think that the frequency gap among devices will impact the interference, which is highly depends on the small frequency shift capability, i.e., how large the frequency shift can be via small frequency shift.

-
Harmonics in the backscattered signal

-
Sources [R1-9421-8] state that FDMA is feasible by proper frequency resource allocation not using odd harmonic frequency of FDMed D2R transmissions.

-
Potential intermodulation spectral leakage in the backscattered signal

-
Frequency resource collision

-
Source [Sony] thinks that if the guard band size between D2R transmissions is fixed, allocating passive devices with large SFO to frequency shifts closer to the A-IoT carrier frequency and either (1) passive devices with smaller SFO or (2) active devices to frequency shifts further from the A-IoT carrier frequency reduces frequency resource collision.

-
Number of multiplexed devices

-
Source [R1-9421-32] reports that performance loss increases with the increase of device number. Besides, for FDMA detection at reader side, there is about 1.5 - 3dB performance loss from 6 FDMA-ed devices compared to single device.

-
Source [Sony] thinks that the potential number of multiplexed devices depends in the maximum rate of frequency switching.

-
Source [Sony] thinks that if the guard band size depends on the SFO capability of the device, the number of multiplexed devices can be increased if passive devices with large SFO are allocated frequency shifts closer to the A-IoT carrier frequency and passive / active devices with smaller SFO are allocated frequency shifts further from the A-IoT carrier frequency.

According to sources [R1-9421-11], [IIT], [R1-9421-12], [R1-9421-32], [Nokia], CDMA can improve the resource utilization efficiency without increasing the device complexity significantly. Sources [R1-9421-27] thinks CDMA would help the multiplexing among readers and it can alleviate the cross-link interference. Source [R1-9421-12] thinks CDMA is also beneficial for the latency reduction and success rate improvement of access procedure. Source [CATT] thinks that the CDMA scheme is mostly used for the signals without carrying information. However, sources [R1-9421-18], [R1-9421-26], [R1-9421-3], [R1-9421-1], [R1-9421-5], [R1-9421-6], [R1-9421-8], [Nokia] show concerns on the necessity and feasibility of CDMA, especially considering the limited capability (e.g., large SFO/CFO) of Ambient IoT devices and the cost (additional memories to store a set of codewords at device) versus benefits. In detail, the observations are as follows. 

Impact of SFO on the performance of CDMA

In the case of large SFO (e.g., 105 ppm):

-
Source [R1-9421-6] think that the orthogonality between different codes/sequences will be severely disrupted, as the large SFO will accumulate an additional sampling error of 10 points of 100 points.

-
Source [R1-9421-8] think that the increased inter-device interference would materially degrade D2R performance, e.g., increased false alarm rate and miss detection probability, which in turn reduce spectrum efficiency even lower than the case of simple TDMA. 

-
Source [R1-9421-1] think that the accurate timing and power control required by CDMA are far-fetched for Ambient IoT devices, referring to the IS-95 CDMA system.

-
Source [R1-9421-32] state that CDM-ed MA has comparable or better performance than FDM-ed MA under different SFO assumptions (i.e., 0/1E3~1E4/1E4~1E5) and device numbers (i.e., 1/2/3). Source [R1-9421-32] state that CDMA by mapping Manchester encoded bit or convolutional encoded bit with 4-length orthogonal code is feasible for D2R transmission carrying 20 information bits. 

· Source [ZTE] state that convolutional codes and BPSK modulation for the CDMA improve the D2R transmission performance with multiple multiplexing devices. Source [ZTE] state that for D2R transmission with TBS16+CRC0, the performance difference between the CDMA scheme using 4-length orthogonal code for 4 devices and the repetition scheme for single device at 1%BLER is less than 0.5dB, and the CDMA scheme has 1~2dB SNR gain at 1%BLER compared with FDMA scheme at the same multiplexing device numbers. While for D2R transmission with TBS96+CRC16, the performance difference between the CDMA scheme with 4-length orthogonal code for 4 devices and the repetition scheme for single device at 1%BLER is also less than 0.5dB, and the CDMA scheme has 1~2.5dB SNR gain at 10%BLER compared with FDMA scheme at the same multiplexing device numbers.

-
Source [Qualcomm R1-9421-28] state that CDMA for msg-1 enables multiplexing large number of msg-1 sequences even when power variation is [-9dB, +9dB], while quite large number of SFO hypotheses is necessary at reader to achieve reasonable false-alarm and miss detection probabilities with the SFO of [0.1 – 1] * 105 ppm.

-
Source [R1-9421-5] state that correlation properties of sequences are severely damaged with the SFO of 105 ppm. Besides, D2R receiver fails to estimate the SFO of each of the parallel D2R transmissions for the SFO of 105 ppm.

-
Source [R1-9421-12] state that CDM of RACH preambles using either m-sequences or Gold sequences of length 63 is feasible and preambles from multiple devices can be clearly detected by the reader, even in challenging conditions (SFO = 5%, SNR = 0dB). For 1% missed-detection rate, simulation results showed that m-sequences and Gold sequences are able to achieve this performance level when SNR is about -24dB and -23dB, respectively.

In the case of relatively smaller SFO (e.g., 104 ppm), 

· Source [Qualcomm R1-9421-28] state that CDMA for msg-1 enables multiplexing large number of msg-1 sequences even when power variation is [-12dB, +12dB] when power variation is within [-3, +3] dB for the SFO of [0.1 – 1] * 104 ppm with reasonable number of SFO hypotheses at reader. 

Impact of CFO on the performance of CDMA for Device 2b

-
Source [R1-9421-5] state that codeword detection at D2R receiver fails considering non-coherent demodulation has to be used due to the quick phase rotation caused by the residual CFO of e.g. 10s or 100s of Hz after CFO estimation and correction.

Impact of timing offset between CDMed D2R transmissions on the performance of CDMA for Device 2b

-
Source [R1-9421-31] state that binary modulated orthogonal sequence such as Golay sequence can tolerate timing error by selecting a suitable cyclic shift spacing.

-
Source [R1-9421-12] state that it is possible to detect multiple transmitters with timing difference and power difference among devices.

-
Source [R1-9421-24] think that poor synchronization performance in time and frequency domain of device would degrade the code orthogonality and thus results in a bad cross-correlation performance.

-
Source [R1-9421-21] think that the different propagation delays from devices may also degrades decoding performance.

-
Source [R1-9421-32] state that the negative impact of asynchronization can be mitigated with some enhancements, e.g. enhanced synchronization sequence and enhanced detection method at reader/BS side, e.g., sliding window based detection and setting constraints on the start of D2R transmission.

The impact of power variation between devices on the performance of CDMA is studied as follows.

-
Source [Qualcomm R1-9421-28] state that the larger power variation of at least up to [-9dB, +9dB] can be addressed by reader receiver and CDMA can achieve significant throughput gain for msg-1 severely degrades the capacity of CDMA for msg-1.

-
Source [R1-9421-32] state that the greater the disparity in received power among multiple devices, the better performance will be obtained by SIC receiver with CDM-based multiple access scheme.

Except the impact of SFO/CFO of devices, whether CDMA provides benefit is also studied as depending on the length of the orthogonal or pseudo-orthogonal code and the number of available codes for parallel D2R transmissions:

-
Source [R1-9421-3] think that using spreading sequence can lead to transmitting a larger number of bits which can be extremely inefficient considering that the devices are extremely power inefficient. 

-
Source [R1-9421-3] think that CDMA might be too complex to implement in A-IoT devices, which might involve complexities with generating orthogonal sequences.

-
Source [R1-9421-24] think that a large device density (e.g., 150 devices per 100 m2 for indoor scenarios per TR) requires a long code sequence, which is challenging for the device with limited buffer size.

-
Source [R1-9421-2] think that CDMA leads to higher power consumption and lower data rate.

-
Source [R1-9421-8] think that the usable number of binary sequences would be much smaller due to impairment such as timing/frequency error and interference.

-
Source [R1-9421-12] state that in comparison to RN16, when Msg. 1 is transmitted using RACH preamble m-sequences or Gold sequences, the number of usable binary sequences that can be used is large since the base sequence design from LTE and NR can be reused.

-
Source [R1-9421-12] state RN16 cannot tolerate collision for any one of its bits. Once collided, the bit sequence is changed and became non-detectable. On the other hand, m-sequences and Gold sequences are able to tolerate transmission overlap.

-
Source [R1-9421-32] state that CDMA by mapping Manchester encoded bit or convolutional encoded bit with 16-length or 64-length orthogonal code improve the D2R transmission performance and multiplexing capacity compared with using 4-length orthogonal code for mapping. Source [ZTE] state that for D2R transmission with TBS16+CRC0 under the assumption of SFO being 1E4~1E5, the performance difference between the CDMA scheme with 64-length orthogonal code for 4 devices and the repetition scheme for single device at 1%BLER is about 1dB, and the CDMA scheme has about 2.5dB SNR gain at 1%BLER compared with FDMA scheme at the same multiplexing device numbers.
-
Source [R1-9421-32] state that BPSK modulation and convolutional code for the CDMA further improve the D2R transmission performance with multiple multiplexing devices and multiplexing capacity compared with OOK based modulation. Source [ZTE] state that for D2R transmission with TBS16+CRC0 under the assumption of SFO being 1E4~1E5 and using convolutional codes and BPSK modulation, the performance difference between the CDMA scheme using 16-length or 64-length orthogonal code for 6 devices and the repetition scheme for single device at 1%BLER is less than 1dB, and the CDMA scheme has about 9dB SNR gain at 1%BLER compared with FDMA scheme at the same multiplexing device numbers.


Conclusion
No further discussion is needed in the SI for the FFS on “the definition of D2R chip duration for MSK” from RAN1#118bis.

Agreement
Capture in the TR:

· “Since device 2b has internal carrier-wave generation, the 2SB and/or 1SB Btx,D2R and Bocc,D2R can be affected by how it performs D2R modulation and baseband waveform generation.” 

Agreement
For CRC, adopt the TP below in Section 6.1.1.x.1 of TR 38.769:

	6.1.0.2
CRC

***unchanged parts omitted***
For the CRC generator polynomials:


Sources [R1-9421-7], [R1-9421-12], [R1-9421-10], [R1-9421-11], [R1-9421-21] recommend that the same polynomials from TS 38.212 are reused, giving justifications:

-
Sources [R1-9421-11], [R1-9421-12] state that the polynomials from TS 38.212 were already carefully and thoroughly evaluated and ensured in the NR channel coding design, so there is no need of considering other polynomials.

-
Source [R1-9421-10] states that the device complexity is increased when different polynomials are introduced for the D2R transmission.

-
Source [R1-9421-7] states that link performance is significantly impacted by the CRC lengths, and not the CRC polynomials, hence the polynomials from TS 38.212 should be used.


On the other hand, sources [R1-9421-32], [R1-9421-28], [TCL] and [Panasonic] recommend that the same polynomial for CRC-6 [image: image2.png](gcrce (D) = [D® + D +1])



from TS 38.212 is reused, but a new polynomial for CRC-16 is introduced, [image: image4.png]dcrcis(D) = [D16 + D11 4+ D6 + D5 + 1]



, incorporating the CRC-6 polynomial, giving justifications:

***unchanged parts omitted***


Agreement
For CRC, adopt the TP below in Table 6.1.0.2-1 of Section 6.1.1.x.1 of TR 38.769:

	***unchanged parts omitted***
Table 6.1.0.2-1: CRC evaluations

CRC-6

CRC-16

TBS

Source

CRC overhead

PFA or Pud
Source

CRC overhead

PFA or Pud
8 bits

[R1-9421-5]

[QUALCOMM119]

43% 

~10^(-8) Pud @10-3 BER
[R1-9421-5]

[QUALCOMM119]

67% 

~10^(-11) Pud @10-3 BER
12 bits

[R1-9421-3]

[QUALCOMM119]

33% 

33%

~10^(-2) PFA
~10^(-8) Pud @10-3 BER
[R1-9421-3]

[QUALCOMM119]

57% 

57%

~10^(-5) PFA
~10^(-11) Pud @10-3 BLER

16 bits

[R1-9421-5]

27% 

[R1-9421-5]

50% 

[R1-9421-32]

[QUALCOMM119]

27%

27%

~10^(-7) Pud @10-3 BER
[R1-9421-32]

[QUALCOMM119]

50%

50% 

~10^(-10) Pud @10-3 BER
24 bits

[R1-9421-5]

20% 

~10^(-6) Pud @ 10% BLER and 2.7dB SNR

[R1-9421-5]

40% 

~10^(-9) Pud @10% BLER and 2.8dB SNR

[R1-9421-3]

[R1-9421-32]

[QUALCOMM119]

20% 

20%

20%

~10^(-2) PFA

~10^(-7) Pud @10-3 BER
[R1-9421-3]

[QUALCOMM119]

40% 

40%

~10^(-5) PFA
~10^(-10) Pud @10-3 BLER

32 bits

[R1-9421-5]

[R1-9421-32]

[QUALCOMM119]

16% 

16%

16%

~10^(-5) Pud @10-3 BLER

[R1-9421-5]

[R1-9421-32]

[QUALCOMM119]

33% 

33%

33% 

~10^(-10) Pud @10-3 BLER

40 bits

[R1-9421-5]

[R1-9421-32]

[QUALCOMM119]

13% 

13%

13%

~10^(-5) PFA @10% BLER

~10^(-4) Pud @10-3 BLER 

[R1-9421-5]

[R1-9421-32]

[QUALCOMM119]

29% 

29%

29%

~10^(-10) Pud @10-3 BLER

48 bits

[R1-9421-3]

[R1-9421-32]

[QUALCOMM119]

11% 

11%

11%

~10^(-2) PFA
~10^(-5) PFA @10% BLER

~10^(-4) Pud @10-3 BLER 

[R1-9421-3]

[R1-9421-32]

[QUALCOMM119]

25% 

25%

25%

~10^(-5) PFA
~10^(-10) Pud @10-3 BLER

96 bits

[R1-9421-5]

[R1-9421-3]

[R1-9421-32]

[QUALCOMM119]

6% 

5% 

6%

6% 

~10^(-2) PFA
~10^(-4) Pud @10-3 BLER

[R1-9421-5]

[R1-9421-3]

[R1-9421-32]

[QUALCOMM119]

14% 

14% 

14%

14%

~10^(-5) PFA
~10^(-9) Pud @10-3 BLER

128 bits

[R1-9421-32]

[QUALCOMM119]

4% 

4%

~10^(-3) Pud @10-3 BLER

[R1-9421-32]

[QUALCOMM119]

11%

11%

~10^(-9) Pud @10-3 BLER

256 bits

[R1-9421-5]

[QUALCOMM119]

2%

2% 

~10^(-3) Pud @10-3 BLER

[R1-9421-5]

[QUALCOMM119]

6%

6% 

~10^(-9) Pud @10-3 BLER

***unchanged parts omitted***


R1-2410701
Feature Lead Summary #2 for 9.4.2.1: “Ambient IoT – General aspects of physical layer design”
Moderator (Huawei)

R1-2410702
Feature Lead Summary #3 for 9.4.2.1: “Ambient IoT – General aspects of physical layer design”
Moderator (Huawei)
9.4.2.2 Frame structure and timing aspects

Including synchronization and timing, random access, scheduling and timing relationships
R1-2409365
Frame structure and timing aspects for Ambient IoT
Nokia

R1-2409389
Frame structure and timing aspects for Ambient IoT
Ericsson

R1-2409419
On frame structure and timing aspects of Ambient IoT
Huawei, HiSilicon, CBN, China Broadnet

R1-2409485
Discussion on frame structure and physical layer procedures for Ambient IoT
Lenovo

R1-2409514
Discussion on frame structure and timing aspects for A-IoT
CMCC

R1-2409553
Discussion on frame structure and physical layer procedure for Ambient IoT
ZTE Corporation, Sanechips

R1-2409599
Considerations for frame structure and timing aspects
Samsung

R1-2409638
Discussion on frame structure and timing aspects for Ambient IoT
Spreadtrum, UNISOC

R1-2409683
Discussion on Frame structure, random access, scheduling and timing aspects for Ambient IoT
vivo

R1-2409733
Discussion on frame structure and timing aspects
InterDigital, Inc.

R1-2409759
Resource allocation and framestructure of A-IoT
Tejas Networks Limited

R1-2409802
On remaining frame structure and timing aspects for AIoT
Apple

R1-2409865
Discussion on frame structure and timing for ambient IoT
NEC

R1-2409898
Discussion on frame structure and timing aspects for Ambient IoT
Xiaomi

R1-2409943
Study of Frame structure and timing aspects for Ambient IoT
CATT

R1-2410002
Discussion on frame structure and timing aspects for Ambient IoT
China Telecom

R1-2410027
Frame Structure and Timing Aspects for Ambient IoT
FUTUREWEI

R1-2410060
Discussion on frame structure and timing aspects
Fujitsu

R1-2410063
Discussion on A-IoT Frame Structure and Timing Aspects
Panasonic

R1-2410093
Discussion on frame structure and timing aspects of A-IoT communication
OPPO

R1-2410166
Discussion on frame structure and timing aspects
Google

R1-2410179
Discussion on frame structure and timing aspects for Ambient IoT
HONOR

R1-2410226
Frame structure and timing aspects of Ambient IoT
Sony

R1-2410268
Discussion on frame structure and timing aspects
ETRI

R1-2410288
Frame structure and timing aspects for Ambient IoT
LG Electronics

R1-2410356
Discussion on frame structure and timing aspects for Ambient IoT
TCL

R1-2410391
Study on frame structure and timing aspects for Ambient IoT
NTT DOCOMO, INC.

R1-2410409
Discussion on frame structure and timing aspect
ASUSTeK

R1-2410417
Discussion on frame structure and timing aspects
Sharp

R1-2410480
Frame structure and timing aspects
Qualcomm Incorporated

R1-2410516
Frame structure and timing aspects
MediaTek Inc.

R1-2410560
Discussion on frame structure and timing aspects for Ambient IoT
WILUS Inc.

R1-2410578
Discussion on Frame structure and timing aspects
CEWiT

R1-2410592
Frame structure and timing aspects of AIoT
IIT Kanpur, Indian Institute of Tech (M)
R1-2410643
FL summary #1 on frame structure and timing aspects for Rel-19 Ambient IoT
Moderator (vivo)
Agreement
Capture following observations in the TR 38.769, where CFO is assumed to be zero or negligible.

For coherent detection of PDRCH with a payload of 16 bits or 20 bits with 6-bit or 16-bit CRC, using 1/2 Manchester coding and 1/3 or 1/2 convolutional code:
· Source [6, ZTE] observed that with up to 10% SFO, ~1kbps data rate, when the same amble(s) overhead is maintained, Option 3 provides comparable performance results to Option 1.

· Source [7, Samsung] observed that with up to 10% SFO, ~5kbps data rate, for device 1 and with up to 1% SFO for device 2, the decoding performance with/without midamble are similar

· Source [9, vivo] observed that Option 1 is sufficient to achieve 10% and 1% BLER, with no more than 8 SFO hypotheses tested at the reader side.

· With up to 10% SFO, ~ 5kbps data rate, the SNR needed to achieve 10% and 1% BLER is similar (~ -2dB and 4 dB) for Option 1, Option 2 of D2R preamble+1midamble and Option 3.

· With up to 1% SFO, ~ 5kbps data rate, the SNR needed to achieve 10% and 1% BLER is similar (~ -2.8dB and 3.3dB) for Option 1, Option 2 of D2R preamble+1 midamble and Option 3.

· Source [20, OPPO] observed that with perfect SFO estimation, 1kbps data rate and OOK modulation, there is no noticeable performance gain from using midamble(s) and/or postamble for PDRCH transmission, regardless of the payload size.

· Source [30, Qualcomm] observed that the required SFO estimation accuracy to achieve 1% and 10% BLER is <5*10^3 ppm

· With up to 10% SFO, achieving the required accuracy necessitates more than 20 SFO hypotheses at the reader side for Option 1 and 10 SFO hypotheses are sufficient for Option 3 of D2R preamble + postamble. But for Option 3 reader has to store the received samples and wait for the postamble that is after the end of PDRCH for any of SFO/channel/interference estimation, demodulation, decoding, etc. 

· With up to 1% SFO, 4 SFO hypotheses are sufficient for Option 1 to achieve the required accuracy.

For coherent detection of PDRCH with a payload of 96bits with 16-bit CRC (or 6-bit CRC [14, Xiaomi]), using 1/2 Manchester coding and 1/3 or 1/2 convolutional code,

· Sources [3, Huawei], [5, CMCC] and [14, xiaomi] observed that Option 1 cannot achieve 10% BLER.

· Sources [6, ZTE], [7, Samsung], [9, vivo], [20, OPPO] and [30, QC] observed that Option 1 can achieve 10% BLER.

· Sources [3, Huawei], [5, CMCC], [6, ZTE], [7, Samsung], [9, vivo], [14, xiaomi], [16, China Telecom] observed that adding additional amble improves the performance. 

· Source [3, Huawei] observed that with up to 10% SFO, 

· Option 2 of D2R preamble+ 1 midamble achieves 10% BLER at SNR around -3dB, but cannot achieve 1% BLER.

· Option 3 of D2R preamble+ postamble achieves 10% BLER at SNR around -4dB, and can achieve 1% BLER at SNR around 4dB.

· Source [5, CMCC] observed that with up to 10% SFO, Option 3 allows reader to precisely search and detect the SFO with 0.03% residual SFO at -3dB SNR TDL-A channel, achieving 10% BLER -2.44dB SNR for ~1 kbps data rate and -2.17 dB for ~6 kbps data rate. Source [5, CMCC] further observed that when the reader adopts same number of SFO hypothesis based on preamble, with 1% SFO, Option 3 can achieve 10% BLER at -4.27 dB SNR for ~1 kbps and at -4.29 dB SNR for ~6 kbps, which provides 1~2 dB performance gain when compared to 10% SFO. 

· Source [14, xiaomi] observed that with up to 10% SFO, Option 2 of D2R preamble + 1 midamble, option 3, and option 4 of D2R preamble + 1 midamble+postamble achieve basically the same performance, the SNR for 10% BLER is 5dB for 1.25 kbps data rate.  

· Source [6, ZTE] observed that with up to 10% SFO, ~1kbps data rate, and the same amble(s) overhead, Option 3 can provide 1~2 dB, 5dB performance gain for 10% BLER, 1% BLER, respectively, compared to Option 1. Additionally, Option 3 can provide ~1dB, 2dB performance gain for 10% BLER, 1% BLER, respectively, compared to Option 2 of D2R preamble +1 midamble.

· Source [7, Samsung] observed that for ~5kbps data rate, compared to option 1, 

· For device 1 with up to 10% SFO, Option 2 of D2R preamble + 1 midamble provides ~0.5 dB SNR gain at 10% BLER with TDL-A channel and ~0.9 dB SNR gain with TDL-D channel.

· For device 2 with up to 1% SFO, Option 2 of D2R pramble + 1midamble provides ~1 dB SNR gain at 10% BLER with TDL-A channel and ~1.4 dB SNR gain with TDL-D channel.

· Source [9, vivo] observed that, 

· With up to 10% SFO, ~5.5kbps data rate, Option 1 achieves 10% and 1% BLER at SNR ~0.7dB and 10dB, respectively; Additionally, maintaining the same amble overhead, Option 2 (D2R preamble + 1 midamble) and Option 3 demonstrate similar performance, achieving 10% and 1% BLER at SNR around -1.7dB and 5.2dB, respectively.

· With up to 1% SFO, ~5.5kbps data rate, Option 1 achieves 10% and 1% BLER at SNR ~ -1.3dB and 11dB, respectively. Additionally, with the same amble overhead, the SNR difference between Option 2 (D2R preamble+1midamble) and Option 3 for 10% and 1% BLER is less than 1dB, with SNRs ~ -3.1dB to -2.5dB for 10% BLER and ~3.6dB to 4.5dB for 1% BLER.

· Source [16, China Telecom] observed that with up to 10% SFO, ~7.5kbps data rate, there is ~6~7dB performance gap at 10% BLER and ~10.5~11.5dB performance gap at 1% BLER between option 2 of D2R preamble+111 midambles and option 1. Note that Source [16, China Telecom] does not use any convolutional code.

· Source [20, OPPO] observed that with perfect SFO estimation, 1kbps data rate and OOK modulation, there is no noticeable performance gain from using midamble(s) and/or postamble for PDRCH transmission, regardless of the payload size.

· Source [30, Qualcomm] observed that the required SFO estimation accuracy to achieve 1% and 10% BLER is <10^3 ppm. To achieve the required accuracy,

· For Option 1, more than 50 SFO hypotheses at reader side are necessary for device with up to 10% SFO and 6 SFO hypotheses are sufficient at reader side for device with up to 1% SFO. 

· For Option 3, 10 SFO hypotheses are sufficient for device with up to 10% SFO, but reader has to store the received samples and wait for the postamble that is after the end of PDRCH for any of SFO/channel/interference estimation, demodulation, decoding, etc.

For coherent detection of PDRCH with a payload of 400bits with 16-bit CRC, using 1/2 Manchester coding and 1/3 or 1/2 convolutional code, 

· For option 1 of D2R preamble only, 

· Sources [3, Huawei], [5, CMCC], [6, ZTE], [8, Spreadtrum], [9, vivo], [14, xiaomi] observed that with up to 10% SFO, 10% BLER cannot be achieved. 

· Source [20, OPPO] observed that with perfect SFO estimation, 1kbps data rate and OOK modulation, there is no noticeable performance gain from using midamble(s) and/or postamble for PDRCH transmission.

· For other amble options, 

· Source [3, Huawei] observed that

· With accurate SFO estimation, Option 2 of D2R preamble + 4 midambles can achieve 10% BLER at SNR ~ 2.7dB but cannot achieve 1% BLER.

· With up to 10% SFO, Option 3 cannot achieve 10% BLER.

· With up to 10% SFO, Option 4 of D2R preamble+2 midambles+postamble achieves 10% BLER at SNR of ~0.25dB; But it cannot achieve 1% BLER. Option 4 of D2R preamble+3 or 4 midambles+postamble, achieves a 10% BLER at an SNR of around -0.2 dB, and achieves 1% BLER at SNR around 9dB or 8dB, respectively.

· Source [5, CMCC] observed that with up to 10% SFO, Option 4 of D2R preamble combined with 1 to 4 midambles + postamble, achieves 10% BLER at SNR of 2.5 dB, 1 dB, 0.8 dB, or 0.5 dB, respectively, for a data rate of around 1 kbps.

· Source [6, ZTE] observed that with up to 10% SFO, 

· Option 3 can provide ~5.5 dB performance gain compared to option 2 of D2R preamble+1midamble for 10% BLER, with the same amble(s) overhead for ~1kbps data rate.

· Option 2 of D2R preamble+1midamble cannot achieve 1% BLER for ~1kbps data rate.

· Option 4 of the D2R preamble+1 or 2 midamble(s)+postamble, has similar performance, it can achieves a 10% BLER at SNR of -1dB and achieves a 1% BLER at SNR of 6dB and 5dB respectively for ~1kbps data rate.  

· Source [8, Spreadtrum] observed that with up to 10% SFO, 

· Option 3 of D2R preamble+ postamble cannot achieve 10% BLER for ~7kpbs.  

· Option 4 of D2R preamble + 1 midamble + postamble can achieve 10% BLER and 1% BLER at SNR around -6dB and 0 dB, respectively for ~7kpbs data rate.

· Source [9, vivo] observed that 

· With up to 10% SFO, maintaining the same amble overhead, both Option 2 of D2R preamble+5 midambles and Option 4 of D2R preamble+4 midambles+1 postamble demonstrate similar performance, achieving 10% BLER at SNR ~0.2dB. While for 1% BLER, the SNR for Option 2 and Option 4 is ~ 9.2dB and 12.8dB, respectively for ~5.5kpbs data rate.   

· With up to 1% SFO, maintaining the same amble overhead, both Option 2 of D2R preamble+5 midambles and Option 4 of D2R preamble+4 midambles+1postamble demonstrate similar performance, achieving 10% BLER at SNR around -1.2dB. While for 1% BLER, the SNR for Option 2 and Option 4 is ~7.8dB and 9.1dB, respectively for ~5.5kpbs data rate.   

· Source [14, xiaomi] observed that with up to 10% SFO, Option 2 of D2R preamble+3 midambles and Option 4 of D2R preamble+3 midambles+postamble can achieve 10% BLER when the SNR is within the range of [15, 25] dB for 1.25 kbps data rate. 

· Source [30, Qualcomm] observed that the required SFO estimation accuracy to achieve 1% and 10% BLER is much smaller than 10^3 ppm. To achieve the required accuracy,

· For Option 2 of D2R preamble+X midamble(s) where midamble inserted per every certain number of PDRCH bits (e.g., 192 bits),

· For SFO estimation using each amble for the subsequent PDRCH bits (e.g., 192 bits), with up to 10% SFO, more than 50 SFO hypotheses are necessary at the reader side and with up to 1% SFO, 6 SFO hypotheses are sufficient at the reader side.

· For SFO estimation based on the time gap between preamble and midamble, with up to 10% SFO, 10 SFO hypotheses are used, but reader has to store the received samples and wait for the midamble to start SFO/channel/interference estimation, demodulation, decoding, etc.

· For Option 3 of D2R preamble+postamble, SFO estimation is based on the time gap between preamble and postamble, with up to 10% device SFO, 10 SFO hypotheses are used for reader, but reader has to store the received samples and wait for the postamble that is after the end of PDRCH for any of SFO/channel/interference estimation, demodulation, decoding, etc

For the synchronization and timing tracking of D2R transmission, 

· Source [5, CMCC] report that with up to 10% SFO, option 1 is not sufficient for D2R reception since the residual SFO at reader side is larger than 1%. While with option 3, the reader can precisely search and detect the SFO with a residual SFO of 0.03% at -3dB SNR TDL-A channel.

· Source [14, xiaomi] report that 

· For packet size of 96bits, when the SNR is increased from -4dB to 20dB, the ratio of device residual SFO over 100ppm decreases to 6% for Option 2, 3 and 4, but remains at 95% for Option 1.

· For packet size of 400bits, when the SNR is increased from -4dB to 20dB, the ratio of device residual SFO larger than 10ppm decreases to 5% for Option 2, 3, and 4, but is still 99.6% for Option 1.

· Sources [9, vivo], [15, CATT] report that SFO estimation based on D2R preamble can achieve accurate estimation without additional ambles (midamble or postamble). 

· Source [9, vivo][7 Samsung] observed that for non-coherent detection of PDRCH, the number of SFO hypotheses and the SNR needed for 10% and 1% BLER cannot significantly be reduced for option 2, 3 and 4 compared to the option 1. Moreover, the additional ambles i.e., midamble(s) and/or postamble introduces additional overhead and prevents pipelined processing of the reception.     

· Source [15, CATT] observed that 

· The coarse estimation of SFO based on the D2R preamble indicates that the SFO estimation error is less than 1% with a probability of 99.3%, and less than 0.1% with a probability of 49.9%.

· The fine estimation of SFO based on the D2R preamble shows that the SFO estimation error is less than 1% with a probability of 99.5%, and less than 0.1% with a probability of 90.8%.

· Reader/gNB can achieve a probability of not less than 99.5% for SFO estimation error below 1%, and 90.8% for SFO estimation error below 0.1% by receiving D2R preamble signals.

· Source [30, Qualcomm] report that for D2R with coherent demodulation at reader, the reader needs to estimate the device clock frequency with the accuracy of 0.5% (5 * 10^3 ppm) or lower for a short message (e.g., 72 bits after CRC/coding) and 0.1% (10^3 ppm) or lower for a long message (e.g., 224 bits after CRC/coding). The source further reports that design of D2R amble(s) (e.g., overhead) and the correspondingly required number of SFO hypothesis for the estimation depend on the sampling clock accuracy that the device uses for D2R. 

Note: in the observations above where coherent detection is used, sources that evaluated option 3 and option 4 assumed that the postamble is used at least for time/frequency tracking and for channel estimation.
FL1 High Priority Proposal 3.2-2
Agree the following observations for the case where CFO is assumed to be zero or negligible:

· For coherent detection of PDRCH with a payload size of 16bits and 20bits, with 6-bit or 16-bit CRC, ~1kbps and/or ~5kbps data rate, using 1/2 Manchester coding and 1/3 or 1/2 convolutional code, with SFO up to 10%, all sources providing results observe that Option 1 of D2R preamble only is sufficient to achieve 10% BLER with reasonable number of SFO hypotheses at reader side.
· For coherent detection of PDRCH with relatively large packet size such as 400bis, with 16-bit CRC, ~1 kbps or 5~7 kbps data rate, using 1/2 Manchester coding and 1/3 or 1/2 convolutional code, with SFO up to 10%, Option 1 of D2R preamble only is not sufficient to achieve 10% BLER, one or more amble(s) are needed in addition to the preamble. 
Agreement
For the CFO calibration signal, which is required only for device 2b to reduce the frequency offset range and the guard-bandwidth of D2R transmission, the following observations are captured in TR 38.769:

· Source [3, Huawei] report that a single-tone RF signal is used as the CFO calibration signal, it is not a part of time acquisition signal and can be transmitted as an optional R2D signal after the PRDCH transmission. 

· Sources [2, Ericsson], [19, Panasonic] and [20, OPPO] report that additional synchronization signal is needed. 

· [OPPO] state the R2D timing acquisition signal may not be sufficient or may not be usable for CFO calibration since a reference frequency is needed when separate LOs are used for Tx and Rx in device 2b.

· Sources [7, Samsung], [9, vivo], [30, Qualcomm], [36, Apple] report that additional synchronization signal is needed if the synchronization for carrier frequency using R2D signal/channel does not provide required functionalities for device 2b.

· Source [5, CMCC][31, MTK] report that it may not be possible to achieve enough frequency accuracy (0.01 ppm) even after CFO calibration based on R2D time acquisition signals for coherent detection at reader especially when the D2R data rate is low.

Agreement
For device 2b, a signal for CFO calibration should be provided to synchronize / calibrate the device clock for LO for carrier frequency (Clock purpose #5) to achieve the accuracy after clock sync / calibration at device side captured in Table 5.2.3-1.

· Frequency calibration at device 2b is beneficial at least to reduce the guard-bandwidth of D2R transmission.

Agreement
Adopt the updates documented in R1-2410653 for section 6.2 of the TR38.769. 

FL1 High priority proposal 5.2-1
For a PRDCH for Msg2 transmission in response corresponding to multiple Msg1 transmissions received from different devices, which is initiated by a R2D transmission triggering random access, RAN1 identifies the following options for the starting time for Msg2 monitoring

· Option a: the starting time for Msg2 monitoring is separate for each corresponding Msg1 resource.
· Option b: the starting time for Msg2 monitoring is common for corresponding multiple Msg1 resources. 
R1-2410644
FL summary #2 on frame structure and timing aspects for Rel-19 Ambient IoT
Moderator (vivo)
Agreement
Adopt following update to the TP agreed on Monday

Capture following observations in the TR 38.769, where CFO is assumed to be zero or negligible.

[omit unchanged part]
For coherent detection of PDRCH with a payload of 96bits with 16-bit CRC (or 6-bit CRC [14, Xiaomi]), using 1/2 Manchester coding and 1/3 or 1/2 convolutional code,

· Sources [3, Huawei], [5, CMCC] and [14, xiaomi] observed that Option 1 cannot achieve 10% BLER.

· Sources [6, ZTE], [7, Samsung], [9, vivo], [20, OPPO] and [30, QC] observed that Option 1 can achieve 10% BLER.

· Sources [3, Huawei], [5, CMCC], [6, ZTE], [7, Samsung], [9, vivo], [14, xiaomi], [16, China Telecom] observed that adding additional amble improves the performance. 

· Source [3, Huawei] observed that with up to 10% SFO, 

· Option 2 of D2R preamble+ 1 midamble achieves 10% BLER at SNR around -3dB, but cannot achieve 1% BLER.

· Option 3 of D2R preamble+ postamble achieves 10% BLER at SNR around -4dB, and can achieve 1% BLER at SNR around 4dB.

· Source [5, CMCC] observed that with up to 10% SFO, Option 3 allows reader to precisely search and detect the SFO with 0.03% residual SFO at -3dB SNR TDL-A channel, achieving 10% BLER -2.44dB SNR for ~1 kbps data rate and -2.17 dB for ~6 kbps data rate. Source [5, CMCC] further observed that when the reader adopts same number of SFO hypothesis based on preamble, with 1% SFO, Option 3 can achieve 10% BLER at -4.27 dB SNR for ~1 kbps and at -4.29 dB SNR for ~6 kbps, which provides 1~2 dB performance gain when compared to 10% SFO. 

· Source [14, xiaomi] observed that with up to 10% SFO, Option 2 of D2R preamble + 1 midamble, option 3, and option 4 of D2R preamble + 1 midamble+postamble achieve basically the same performance, the SNR for 10% BLER is 5dB for 1.25 kbps data rate.  

· Source [6, ZTE] observed that with up to 10% SFO, ~1kbps data rate, and the same amble(s) overhead, Option 3 can provide 1~2 dB, 5dB performance gain for 10% BLER, 1% BLER, respectively, compared to Option 1. Additionally, Option 3 can provide ~1dB, 2dB performance gain for 10% BLER, 1% BLER, respectively, compared to Option 2 of D2R preamble +1 midamble.

· Source [7, Samsung] observed that for ~5kbps data rate, compared to option 1, 

· For device 1 with up to 10% SFO, Option 2 of D2R preamble + 1 midamble provides ~0.5 dB SNR gain at 10% BLER with TDL-A channel and ~0.9 dB SNR gain with TDL-D channel.

· For device 2 with up to 1% SFO, Option 2 of D2R pramble + 1midamble provides ~1 dB SNR gain at 10% BLER with TDL-A channel and ~1.4 dB SNR gain with TDL-D channel.

· Moreover, the additional ambles i.e., midamble(s) and/or postamble introduces additional overhead and postamble may prevent pipelined processing of the reception. 
· Source [9, vivo] observed that, 

· With up to 10% SFO, ~5.5kbps data rate, Option 1 achieves 10% and 1% BLER at SNR ~0.7dB and 10dB, respectively; Additionally, maintaining the same amble overhead, Option 2 (D2R preamble + 1 midamble) and Option 3 demonstrate similar performance, achieving 10% and 1% BLER at SNR around -1.7dB and 5.2dB, respectively.

· With up to 1% SFO, ~5.5kbps data rate, Option 1 achieves 10% and 1% BLER at SNR ~ -1.3dB and 11dB, respectively. Additionally, with the same amble overhead, the SNR difference between Option 2 (D2R preamble+1midamble) and Option 3 for 10% and 1% BLER is less than 1dB, with SNRs ~ -3.1dB to -2.5dB for 10% BLER and ~3.6dB to 4.5dB for 1% BLER.

· Source [16, China Telecom] observed that with up to 10% SFO, ~7.5kbps data rate, there is ~6~7dB performance gap at 10% BLER and ~10.5~11.5dB performance gap at 1% BLER between option 2 of D2R preamble+111 midambles and option 1. Note that Source [16, China Telecom] does not use any convolutional code.

· Source [20, OPPO] observed that with perfect SFO estimation, 1kbps data rate and OOK modulation, there is no noticeable performance gain from using midamble(s) and/or postamble for PDRCH transmission, regardless of the payload size.

· Source [30, Qualcomm] observed that the required SFO estimation accuracy to achieve 1% and 10% BLER is <10^3 ppm. To achieve the required accuracy,

· For Option 1, more than 50 SFO hypotheses at reader side are necessary for device with up to 10% SFO and 6 SFO hypotheses are sufficient at reader side for device with up to 1% SFO. 

· For Option 3, 10 SFO hypotheses are sufficient for device with up to 10% SFO, but reader has to store the received samples and wait for the postamble that is after the end of PDRCH for any of SFO/channel/interference estimation, demodulation, decoding, etc.

For coherent detection of PDRCH with a payload of 400bits with 16-bit CRC, using 1/2 Manchester coding and 1/3 or 1/2 convolutional code, 

· For option 1 of D2R preamble only, 

· Sources [3, Huawei], [5, CMCC], [6, ZTE], [8, Spreadtrum], [9, vivo], [14, xiaomi] observed that with up to 10% SFO, 10% BLER cannot be achieved. 

· Source [20, OPPO] observed that with perfect SFO estimation, 1kbps data rate and OOK modulation, there is no noticeable performance gain from using midamble(s) and/or postamble for PDRCH transmission.

· For other amble options, 

· Source [3, Huawei] observed that

· With accurate SFO estimation, Option 2 of D2R preamble + 4 midambles can achieve 10% BLER at SNR ~ 2.7dB but cannot achieve 1% BLER.

· With up to 10% SFO, Option 3 cannot achieve 10% BLER.

· With up to 10% SFO, Option 4 of D2R preamble+2 midambles+postamble achieves 10% BLER at SNR of ~0.25dB; But it cannot achieve 1% BLER. Option 4 of D2R preamble+3 or 4 midambles+postamble, achieves a 10% BLER at an SNR of around -0.2 dB, and achieves 1% BLER at SNR around 9dB or 8dB, respectively.

· Source [5, CMCC] observed that with up to 10% SFO, Option 4 of D2R preamble combined with 1 to 4 midambles + postamble, achieves 10% BLER at SNR of 2.5 dB, 1 dB, 0.8 dB, or 0.5 dB, respectively, for a data rate of around 1 kbps.

· Source [6, ZTE] observed that with up to 10% SFO, 

· Option 3 can provide ~5.5 dB performance gain compared to option 2 of D2R preamble+1midamble for 10% BLER, with the same amble(s) overhead for ~1kbps data rate.

· Option 2 of D2R preamble+1midamble cannot achieve 1% BLER for ~1kbps data rate.

· Option 4 of the D2R preamble+1 or 2 midamble(s)+postamble, has similar performance, it can achieve a 10% BLER at SNR of -1dB and achieves a 1% BLER at SNR of 6dB and 5dB respectively for ~1kbps data rate.  

· Source [8, Spreadtrum] observed that with up to 10% SFO, 

· Option 3 of D2R preamble+ postamble cannot achieve 10% BLER for ~7kpbs.  

· Option 4 of D2R preamble + 1 midamble + postamble can achieve 10% BLER and 1% BLER at SNR around -6dB and 0 dB, respectively for ~7kpbs data rate.

· Source [9, vivo] observed that 

· With up to 10% SFO, maintaining the same amble overhead, both Option 2 of D2R preamble+5 midambles and Option 4 of D2R preamble+4 midambles+1 postamble demonstrate similar performance, achieving 10% BLER at SNR ~0.2dB. While for 1% BLER, the SNR for Option 2 and Option 4 is ~ 9.2dB and 12.8dB, respectively for ~5.5kpbs data rate.   

· With up to 1% SFO, maintaining the same amble overhead, both Option 2 of D2R preamble+5 midambles and Option 4 of D2R preamble+4 midambles+1postamble demonstrate similar performance, achieving 10% BLER at SNR around -1.2dB. While for 1% BLER, the SNR for Option 2 and Option 4 is ~7.8dB and 9.1dB, respectively for ~5.5kpbs data rate.   

· Source [14, xiaomi] observed that with up to 10% SFO, Option 2 of D2R preamble+3 midambles and Option 4 of D2R preamble+3 midambles+postamble can achieve 10% BLER when the SNR is within the range of [15, 25] dB for 1.25 kbps data rate. 

· Source [30, Qualcomm] observed that the required SFO estimation accuracy to achieve 1% and 10% BLER is much smaller than 10^3 ppm. To achieve the required accuracy,

· For Option 2 of D2R preamble+X midamble(s) where midamble inserted per every certain number of PDRCH bits (e.g., 192 bits),

· For SFO estimation using each amble for the subsequent PDRCH bits (e.g., 192 bits), with up to 10% SFO, more than 50 SFO hypotheses are necessary at the reader side and with up to 1% SFO, 6 SFO hypotheses are sufficient at the reader side.

· For SFO estimation based on the time gap between preamble and midamble, with up to 10% SFO, 10 SFO hypotheses are used, but reader has to store the received samples and wait for the midamble to start SFO/channel/interference estimation, demodulation, decoding, etc.

· For Option 3 of D2R preamble+postamble, SFO estimation is based on the time gap between preamble and postamble, with up to 10% device SFO, 10 SFO hypotheses are used for reader, but reader has to store the received samples and wait for the postamble that is after the end of PDRCH for any of SFO/channel/interference estimation, demodulation, decoding, etc

· Source [7, Samsung] observes that the additional ambles i.e., midamble(s) and/or postamble introduces additional overhead and postamble may prevent pipelined processing of the reception.

For the synchronization and timing tracking of D2R transmission, 

· Source [5, CMCC] report that with up to 10% SFO, option 1 is not sufficient for D2R reception since the residual SFO at reader side is larger than 1%. While with option 3, the reader can precisely search and detect the SFO with a residual SFO of 0.03% at -3dB SNR TDL-A channel.

· Source [14, xiaomi] report that 

· For packet size of 96bits, when the SNR is increased from -4dB to 20dB, the ratio of device residual SFO over 100ppm decreases to 6% for Option 2, 3 and 4, but remains at 95% for Option 1.

· For packet size of 400bits, when the SNR is increased from -4dB to 20dB, the ratio of device residual SFO larger than 10ppm decreases to 5% for Option 2, 3, and 4, but is still 99.6% for Option 1.

· Sources [9, vivo], [15, CATT] report that SFO estimation based on D2R preamble can achieve accurate estimation without additional ambles (midamble or postamble). 

· Source [9, vivo][7 Samsung] observed that for non-coherent detection of PDRCH, the number of SFO hypotheses and the SNR needed for 10% and 1% BLER cannot significantly be reduced for option 2, 3 and 4 compared to the option 1. Moreover, the additional ambles i.e., midamble(s) and/or postamble introduces additional overhead and postamble may prevents pipelined processing of the reception.     

· Source [15, CATT] observed that 

· The coarse estimation of SFO based on the D2R preamble indicates that the SFO estimation error is less than 1% with a probability of 99.3%, and less than 0.1% with a probability of 49.9%.

· The fine estimation of SFO based on the D2R preamble shows that the SFO estimation error is less than 1% with a probability of 99.5%, and less than 0.1% with a probability of 90.8%.

· Reader/gNB can achieve a probability of not less than 99.5% for SFO estimation error below 1%, and 90.8% for SFO estimation error below 0.1% by receiving D2R preamble signals.

· Source [30, Qualcomm] report that for D2R with coherent demodulation at reader, the reader needs to estimate the device clock frequency with the accuracy of 0.5% (5 * 10^3 ppm) or lower for a short message (e.g., 72 bits after CRC/coding) and 0.1% (10^3 ppm) or lower for a long message (e.g., 224 bits after CRC/coding). The source further reports that design of D2R amble(s) (e.g., overhead) and the correspondingly required number of SFO hypothesis for the estimation depend on the sampling clock accuracy that the device uses for D2R. 

· Source [37, MediaTek] reports that transmitting 96-bit packet size with 16-bit CRC requires residue SFO after reader compensation to be 1000 ppm, and transmitting 1000-bit packet size with 16-bit CRC requires residue SFO after reader compensation to be 100 ppm.

Note: in the observations above where coherent detection is used, sources that evaluated option 3 and option 4 assumed that the postamble is used at least for time/frequency tracking and for channel estimation.

Agreement
For Msg2 transmission in response to multiple Msg1 transmissions, which is initiated by a R2D transmission triggering random access, RAN1 identifies the following for the starting time for Msg2 monitoring

· For Option 1, where a PRDCH for Msg2 transmission corresponds to an A-IoT Msg1 received from one device, 

· Option a: the starting time for Msg2 monitoring is separate for each Msg1 resource.

· Option b: the starting time for Msg2 monitoring is common for multiple Msg1 resources.

· For Option 2, where a PRDCH for Msg2 transmission corresponds to multiple A-IoT Msg1 received from different devices, the starting time for Msg2 monitoring is common for multiple Msg1 resources.

FL2 High priority proposal 5.2-2a
For Msg2 transmission in response to multiple Msg1 transmissions, which is initiated by a R2D transmission triggering random access, RAN1 identifies at least the following options for a device to determine the reference time for the starting time for Msg2 monitoring 
· Option 1: End of time domain resource where the device transmitted the Msg1
· Option 2: End of the last of X time domain resource(s) determined for Msg1 transmission(s)
· Option 3: End of the R2D transmission triggering random access
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9.4.2.3 Downlink and uplink channel/signal aspects

Including detailed physical layer design aspects such as information payload, time/frequency domain resource, feasibility and required functionalities for proximity determination, etc.
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Agreement
Following observations on R2D clock-acquisition part are captured in TR 38.769:

· On impact/restriction of M values for the clock-acquisition part

· 9 sources [TCL, Nokia, Huawei, CMCC, ZTE, Apple, CATT, Mediatek, Qualcomm] provided observations on the impact/restriction of M values for the clock-acquisition part design requirements:

· 1 source [Nokia] observed that increasing value of M, while retaining the same transmission duration, improves the auto-/cross- correlation properties of the sequence due to increase in sequence length and use of  [image: image6.png]


 provides better timing estimation accuracy even in the presence of SFO as the sequence length spans only over a shorter duration. 

· 2 sources [TCL, Huawei] observed for option 1 of the clock-acquisition part design that no restriction is required to be placed on the M values. Furthermore, 1 source [Huawei] observed that the same 2 ON-OFF voltage (with the same duration) satisfies the FDR performance metric of less than 1% for different M values, e.g., M = 2, 6 and 24, where FDR is the False detection ratio (FDR), i.e. incorrectly calculating M, is the performance metric.
· 1 source [CMCC] observed that pattern of the clock-acquisition part is related to M chips per OFDM symbol and when M is small, the clock-acquisition part may cross multiple OFDM symbols, and the CP insertion may degrade the timing acquisition performance.

· 1 source [ZTE] observed that with option 2, the duration of the clock-acquisition part remains consistent across all M values, at least three OFDM symbols maybe required for clock-acquisition part and it maybe not as efficient as option1
· 1 source [Apple] observed that among the two options studied for the clock-acquisition part, option 2 provides increased robustness, especially in case of large value of M, when compared to option 1 and potentially increase the detection performance of the clock-acquisition part. 

· 1 source [CATT] observed that if the chip duration is variable based on the M value used for OOK-4 waveform, the detection performance would be limited by the received SINR of the CAP with clear transition of the rising and falling edges.

· 1 source [Qualcomm] observed that the option 1 with M>1 has shorter duration of clock acquisition part than M=1 and worse timing acquisition accuracy. At least part of PRDCH following the clock acquisition part may need to be used to improve the timing acquisition. Furthermore, the larger M (e.g., M>4) with small chip duration is more sensitive to the SFO accuracy and the restriction of M for the clock acquisition part may be needed.

· 1 source [Mediatek] further observed that different M values may impact the chip accuracy obtained by the clock acquisition part.

· On impact of CP insertion/handling on the clock-acquisition part

· 10 sources [TCL, CMCC, ZTE, Samsung, Vivo, CATT, NTT Docomo, Qualcomm, Mediatek, Spreadtrum] observed that the CP insertion/handling may impact the design requirements of the clock-acquisition part:

· 1 source [CMCC] further observed that when the clock-acquisition part occupies more than one OFDM symbol, ON-OFF state transition around CP can avoid the error rising or falling edges due to the CP insertion.
· 1 source [ZTE] further observed that to mitigate the impact of the CP in the clock-acquisition part for large M values, it can reuse the CP handling method for PRDCH 
· 1 source [Samsung] further observed that CP insertion/handling on the clock-acquisition part can cause false rising/falling transition and, therefore, the clock acquisition part should be designed such that it does not incur a false rising or falling edges due to CP insertion when CP-OFDM is used for OOK signal generation.

· 1 source [vivo] further observed that CP insertion/handling on the clock acquisition part will impact the chip duration estimation accuracy. It is further observed that for CP handling, device may not be able to count the clock and estimate OFDM symbol duration accurately until the clock acquisition part if the start indicator only includes a single ON-OFF transmission. 

· 1 source [CATT] further observed that the SER will be degraded due to uneven chip interval when the CP is inserted within an OFDM symbol, where SER refers to the number of samples which is mismatched for comparing to the total number of samples in a chip.

· 1 source [NTT Docomo] further observed if CP insertion would cause false rising/falling edges, accuracy of timing acquisition may be impacted.   
· 1 source [Mediatek] further observed that the issues of chip extension, false raising/falling transition, and additional raising/falling transition caused by CP insertion/handling considering different M values will impact the chip accuracy obtained by the clock acquisition part.

· 1 source [Spreadtrum] further observed that the design of clock acquisition part should consider that CP insertion does not cause a false rising or falling edges and does not cause different length of multiple high / low voltages within the clock acquisition part when the clock acquisition spans multiple OFDM symbols.

· 1 source [Huawei] observed CP insertion/handling may not impact the design requirements of the clock-acquisition part
Agreement
For the D2R preamble design, following aspects have been studied and can be captured in the TR 38.769:

· Autocorrelation Property

· 10 sources [Nokia, Huawei, CMCC, Xiaomi, CATT, Oppo, Ericsson, NTT Docomo, Qualcomm, ZTE] observed that the signal should have good autocorrelation properties for accurate peak detection based on the signal correlation at the reader 

· Cross-correlation Property

· 7 sources [Nokia, CMCC, Oppo, Ericsson, Qualcomm, ZTE, CATT] observed that the signal should have good cross-correlation properties if multiple D2R preamble sequences are considered (e.g. for multiple access schemes (if supported) for D2R transmissions). 

· Line coding

· 1 source [Nokia] observed that line coding may impact the autocorrelation property of the sequence. 

· 1 source [Huawei] observed that for D2R preamble, to apply backscattering, line coding can help improve the detection performance based on shifting the D2R signal’s frequency location away from the carrier wave

· Sequence Types (not limited to below types only)
· M-sequence

· 3 sources [Nokia, Vivo, Xiaomi] observed that m-sequence can be considered for D2R preamble mainly owing to good correlation properties.  

· Golay sequence

· 4 sources [CMCC, Vivo, Xiaomi, Samsung] observed that Golay sequence can be considered for D2R preamble mainly owing to good correlation properties and availability of large number of distinct sequences and complementary pairs.  

· Walsh sequence

· 1 source [Oppo] observed that Walsh sequence can be considered as a candidate  for D2R preamble thanks to its good auto/cross-correlation property and flexible length
· General Observations

· 1 source [Huawei] observed can achieve 0.97% residual SFO with 98% probability under -2.5dB SNR and 0.1% MDR with [-1/8, 1/8] chip timing error with 99.05% probability under -2.5dB SNR with D2R preamble including 2-parts with clock-like sampling frequency signal and timing-acquisition signal, having 32-length ‘1’ sequence (encoded to 64-chip Manchester code) and 32-length sequence (encoded to 64-chip Manchester code), respectively.
· 4 sources [TCL, CMCC, ZTE, Vivo] observed that for D2R preamble with binary signal, the timing synchronization performance is highly related to the sequence length of the preamble. Furthermore, 1 source [CMCC] observed that to achieve a BLER performance at 10%, the timing synchronization error should be less than 10%. Furthermore, 1 source [ZTE] observed that the channel estimation performance is also highly related to sequence length. 1 source [ZTE] observed that using a 32 bits preamble provides ~8 dB, ~5 dB performance gain than using 8 bits, 16 bits preamble, respectively. And using a 64 bits preamble provides ~2.5dB performance gain than using a 32 bits preamble.
· 1 source [Ericsson] observed that for D2R preamble with binary signal, normalized SFO estimation error of less than 10% can be achieved with a training sequence length 64 or longer. The simulated D2R preamble consisting of a Golay complementary pair can tolerate SFO up to 1% (AWGN) with up to 1 dB loss in performance for a sufficiently long preamble sequence length (32 or greater).
Agreement
For determining the end of PRDCH at the device, following two options are studied and captured in the TR 38.769:

· Option 1: TBS information (via implicit/explicit L1 R2D control information)

· Option 2: Postamble (at the end of PRDCH) 

14 sources [Nokia, Huawei, ZTE, CMCC, Samsung, Ericsson, Oppo, LGE, Qualcomm, Spreadtrum, Mediatek, Cewit, Ericsson, vivo] provided following observations on the above two options for determining the end of PRDCH:

· 3 sources [Nokia, Huawei, ZTE] observed that option 2 provide two benefits, namely, the variable payload length and to provide timing acquisition before the subsequent transmission of either PDRCH or PRDCH, thus improving the detectability at both reader and the device, respectively. Furthermore, 1 source [Huawei] observed that R2D postamble indicates the TBS with high efficiency for small packets by avoiding a large padding overhead, unlike option 1, which may require devices to perform blind detection of different PRDCH formats (if supported) and the overhead caused by the inclusion of a R2D postamble does not exceed 20% for even the smallest of message sizes and may be less than the signaling overhead caused by using a dedicated TBS indicator

· 1 source [CMCC] observed for option 2, that for small payload size with only a few bits, the presence of long postamble generates large resource overhead, while for large payload size with more bits, the resource overhead of postamble is smaller.

· 1 source [vivo] observed for option 2, that for small payload size with only a few bits, the presence of long postamble generates large resource overhead.

· 1 source [Samsung] observed option 2 is not strictly required, however, given the possible clock drift at a device, it may be still beneficial to also attach postamble at least for the determination of the end of PRDCH at a device. 

· 3 sources [Oppo, Spreadtrum, CEWiT] observed that with option 2, the false detection may be higher for shorter postamble. Source [OPPO[ observed that in contrast to option 2, it is more reliable and efficient to indicate TBS with control information in option 1

· 2 sources [LGE, vivo] observed that if a message type or a command ID is included in L1 control information and implicitly indicates a known size of a fixed TB, then there is no need for either option 1 or option 2
· 2 sources [Qualcomm, vivo] observed that option 1 has the advantages of avoiding blind detection of postamble and providing the power saving for non-target devices to skip the R2D detection.
· 1 source [MediaTek] observed that option 1 is feasible for the device to avoid the unnecessary reception of a TB with a specific size and thus enable power saving, e.g., when the TB has a size exceeding the allowance of the device remaining power.
· 1 source [Ericsson] observed option 2 is not strictly required if the end of PRDCH can be explicitly indicated by R2D control information, and it is subject to the miss-detection rate. It may be beneficial if a PRDCH postamble can serve as an additional timing acquisition signal prior to a PDRCH transmission.
Agreement
For transmission of R2D control information for R2D reception and D2R scheduling, following two options are studied and captured in the TR 38.769:

· Option 1: L1-control signaling 

· Option 2: Higher-layer signaling

12 sources [Huawei, CMCC, ZTE, Samsung, Oppo, Qualcomm, Futurewei, Spreadtrum, NTT Docomo, Cewit, Ericsson, vivo] provided following observations on the above two options for signaling R2D control information:

· 1 source [Huawei] observed that option 2 avoids physical layer design, while at the same time offering flexibility in terms of the size of the grant. On the other hand, option 1 may require  the device to perform blind detection of different PRDCH formats (if supported), while at the same time, reducing the flexibility and resource utilization efficiency. Option 1 would also require a separate CRC, which would result in breaking the pipelining of the CRC decoding due to the added latency and increases overhead. 

· 3 sources [CMCC, ZTE, Futurewei] observed that for D2R scheduling information, as the PDRCH transmission only occurs when the device can successfully decode the preceding PRDCH transmission, therefore no benefit is observed for option 1 compared to option 2. Furthermore, one source [CMCC] also observed that for R2D reception, if TBS of PRDCH is indicated by R2D control information, such R2D control information should be carried via L1 signaling as the device needs to understand the packet size of PRDCH before decoding.
· 1 source [Samsung] observed that for D2R scheduling information indication, option 1 has an advantage as the decoding of D2R scheduling information is decoupled from that of R2D payload and the device can early start the preparation of the PDRCH. For R2D scheduling information indication, Option 1 has an advantage as the device can early detect whether the corresponding R2D transmission is addressed to the device or not, which also saves device’s power consumption. 

· 1 source [Oppo] observed that D2R scheduling information can be transmitted as physical layer signalling or higher layer signalling as there is no fundamental difference between the 2 options. 
· 1 source [Qualcomm] observed that option 1 allows the decoding of R2D and D2R scheduling information to occur before the decoding of the R2D payload. The D2R scheduling in L1 control enables the device to provide feedback on the (un)successful detection of the R2D payload, e.g., due to insufficient energy/power or channel/interference variation. Additionally, 6 sources [ZTE, Qualcomm, CMCC, Samsung, OPPO, vivo] observed that the R2D scheduling information in L1 control enables early identification of target devices and power saving for non-target devices by allowing them to skip the following R2D detection.

· 1 source [Spreadtrum] observed that device can decode L1 control information first which can allow device to obtain the scheduling information (e.g. TBS rated information) before data part reception in option 1 and if device knows from control information that the following data is not for it, the data reception can be skipped.

· 1 source [NTT Docomo] observed that option 1 allows the decoding of R2D control information separately from the subsequent R2D reception, which enables devices to feedback when subsequent R2D reception is failed and also enables identification of target devices before the subsequent R2D reception.
· 1 source [CEWiT] observed that Option 1 enables the separate decoding of R2D control information before R2D data reception, which supports feedback if R2D reception fails. Additionally, L1 control can carry D2R scheduling info, allowing devices to avoid the non-intended R2D reception.

· 1 source [Ericsson] observed that with Option 1, L1 R2D control information may include important information needed to decode the data portion of the PRDCH signal. This requires L1 R2D control information part to have a fixed payload size and self-decodable with separate CRC.
Agreement
For D2R scheduling, midamble (if supported) related information can be explicitly/implicitly indicated via corresponding PRDCH.
Agreement
Following observations related to the agreed options on resource allocation and/or controlling of intermediate UE in topology 2 are additionally captured in TR 38.769:

· 1 source [Vivo] observed that if UE determines the resource used for A-IoT transmission within A-IoT resources configured by the network, option 1 provides better resource efficiency and option 2 enables faster A-IoT resource adaptation compared to option 1. And it is further observed that if the resource allocation from NW is for each R2D and/or D2R transmission and is indicated by a L1 signaling of option2, option 2 may affect the A-IoT communication timing relations and causes substantial overhead between NW and UE reader and may lead to resource inefficiency as NW lacks direct information of channel condition between A-IoT device and UE reader.

· 1 source [Xiaomi] observed that option 1 can save signaling overhead b/w gNB and intermediate UE compared to option 2 but may cause resource waste issue. For resource allocation of intermediate UE, Option 2 can provide better resource efficiency compared to Option 1 but requires more signaling overhead b/w gNB and intermediate UE.
· 1 source [CATT] compared option 1 and option 2 in terms of signaling overhead, signaling latency, flexibility and resource utilization. It is observed that signaling overhead is higher with option 2, but latency is higher with option 1. Option 2 may provide higher flexibility and better resource utilization compared to option 1.
· 1 source [Fujitsu] observed that option 1 only requires the standardization workload for adding new higher layer signaling and does not impact the current DCI design for UEs, but the resource utilization efficiency of option 1 may be lower than that of option 2. Option 2 can provide better resource usage efficiency than that of option 1, but Option 2 requires standardization effort on renewing DCI design for intermedia nodes.
· 1 source [Qualcomm] observed that option 2 is too costly in terms of overhead and latency if using DCI-based scheme to trigger each R2D or D2R, but it is beneficial for flexible resource sharing between AIoT communications as well as the coexistence with the legacy transmission. 
· 1 source [Mediatek] observed that Option 2 would increase the latency of A-IoT transmission. Furthermore, it is observed that the two options are not necessarily exclusive.
· 1 source [Spreadtrum] observed that the signaling overhead of option 2 is higher and the spec impact in RAN1 is lager. If each R2D or D2R transmission resource is scheduled by DCI, option 2 will bring high transmission latency and low transmission efficiency.
· 1 source [ ZTE] observed that Option 2 has larger standardization impacts, for example the DCI design. And Option 2 may affect the A-IoT timing definitions. 
MP Proposal 2.2.2-1
For D2R control information, following is captured in TR 38.769:

· For information regarding the (un)successful reception of the R2D command at the device, following options have been studied:

· Option 1: The information can be signaled via higher layer signaling.

· From PHY perspective, this information is D2R data. 

· Option 2: The information is signaled via L1 D2R control information.

12 sources [Huawei, Samsung, Spreadtrum, Fujitsu, Oppo, Ericsson, NTT Docomo, Qualcomm, Futurewei, ZTE, Cewit, Xiaomi] provided following general observations related to the information regarding the (un)successful reception of the R2D command at the device:

· 4 sources [Huawei, Futurewei, ZTE, Xiaomi] observed that all reports including ACK/NACK are unnecessary or infeasible for ambient IoT, since all D2R transmission are controlled and activated by the reader. Additionally, 1 source [ZTE] observed that it is infeasible for devices to report NACK since it cannot distinguish whether the R2D transmission is dedicated for it and the resource allocation for D2R NACK if the R2D transmission is not successfully detected. And ACK can be transmitted in higher layer signaling.
· 8 sources [Samsung, Spreadtrum, Fujitsu, Oppo, Ericsson, NTT Docomo, Qualcomm, MediaTek] observed that ACK/NACK feedback improves transmission reliability, when the BS or intermediate node sends R2D transmission to the device in the command procedure and if the device does not respond ACK/NACK, the BS or intermediate node cannot determine whether the transmission is successful.
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9.4.2.4 Waveform characteristics of carrier-wave provided externally to the Ambient IoT device

Including interference handling at Ambient IoT UL receiver and at NR base station
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Agreement
For CW transmission with large frequency shift, capture the following observation in TR 38.769.
	If large frequency shift is supported by device 2a, the D2R backscattering can be transmitted in a different carrier as CW for D2R backscattering (e.g., CW in DL spectrum and D2R in UL spectrum, or CW in UL spectrum and D2R in DL spectrum), and the followings are observed.

· In-band full-duplex capability is not needed for CW transmission and D2R reception at D2R receiver side, if the D2R receiver only supports device 2a with large frequency shift capability.

· No interference from CW to the corresponding D2R reception at D2R receiver side.

· For CW in DL spectrum and D2R in UL spectrum, higher CW transmission power can be assumed in the DL spectrum than that of in the UL spectrum.


Agreement
Adopt the following TP for the gap between two frequency hops in section 6.8.2 of TR 38.769:

<Unchanged parts are omitted>

For the gap between two tones or two frequency hops of a single tone to be able to leverage frequency diversity gain, bandwidth and spectrum characteristics of the D2R transmission, and coherence bandwidth, should be taken into account. 

<Unchanged parts are omitted>
Agreement
Capture the D2R reception performance comparison as the TP below in section 6.8.2 of TR 38.769:
<Unchanged parts are omitted>

Table 6.8.2-1: Observations and/or comparisons of CW waveform candidates

	CW waveform characteristics
	Waveform 1 compared to Waveform 2

NOTE 1: Waveform 1 without frequency hopping

NOTE 2: Waveform 2 with both tones from the same CW node
	Waveform 1 with frequency hopping (2-hops) compared to waveform 1 without frequency hopping

	D2R reception performance
	<Unchanged parts are omitted>
	Observations on frequency diversity:

· 6 sources observed that waveform 1 with frequency hopping should be used together with bit-level repetition or TB-level repetition.

· 3 sources further observed that the unaligned timing (due to SFO at A-IoT device) between reader and devices makes it hard to align the boundary of each hop of the external carrier-wave with a corresponding bit or block repetition of the D2R transmission. 

· 2 sources observed that for milli-second level CW duration for each frequency hop/block repetition, the diversity gain loss caused by miss-alignment of a few micro-seconds level is marginal, TB level repetition can tolerate some time mis-alignment.

· 1 source [R1-2408851] observed that waveform 1 with frequency hopping achieves frequency diversity gain by using polynomial sweeping-based CC encoding (proposed by [R1-2408851]) instead of repetitions

When bit-level repetition, TB-level repetition or polynomial sweeping-based CC encoding is not used, 

· Waveform 1 with frequency hopping provides [0, 0.5] dB frequency diversity gain compared to waveform 1 without frequency hopping at 1% or 10% BLER in a fading channel for a 1Rx receiver and a 1Tx CW transmitter.

· In a TDL-A fading channel with 30ns delay spread

· For 10MHz gap between two hops, 1 source observed 0 dB@10%BLER frequency diversity gain. 

· In a TDL-A fading channel with 150ns delay spread

· For 1.65MHz gap between two hops, 1 source observed 0.5 dB@10%BLER and 0 dB@1%BLER frequency diversity gain. 

When bit-level repetition, TB-level repetition is used,

· Waveform 1 with frequency hopping provides [0.5, 8] dB frequency diversity gain compared to waveform 1 without frequency hopping at 1% or 10% BLER in a fading channel for a 1Rx receiver and a 1Tx CW transmitter, at least depending on the gap between the two hops and the channel's coherence bandwidth.

· In a TDL-A fading channel with 30ns delay spread

· For the gap of 2.16MHz, 1 source observed 4dB@1% BLER and 2dB@10% BLER frequency diversity gains. 

· For the gap between [5MHz, 10MHz], the frequency diversity gains at 1% BLER target observed by 2 sources are within [5.8, 8] dB, and the frequency diversity gains at 10% BLER target observed by 3 sources are within [1.2, 6] dB.  The 8 dB gain is achieved under the assumption of ideal channel estimation.
· In a TDL-D fading channel with 30ns delay spread 

· For 10MHz gap, 1 source observed 1 dB@1%BLER and 0.5dB@10%BLER frequency diversity gain 
· In a TDL-A fading channel with 150ns delay spread

· For the gap between [1.65MHz, 2.16MHz], the frequency diversity gains at 1% BLER target observed by 2 sources are within [5.5, 8] dB, and the frequency diversity gain at 10% BLER target observed by 2 sources is 5 dB. The 8 dB gain is achieved under the assumption of ideal channel estimation.
When polynomial sweeping-based CC encoding [R1-2408851] is used or assumed

· In a TDL-A fading channel with 30ns delay spread, and for 10MHz gap between two hops, 1 source [R1-2408851] observed that waveform 1 with frequency hopping provides 4 dB frequency diversity gain compared to waveform 1 without frequency hopping at 1% BLER for a 1Rx receiver and a 1Tx CW transmitter.

The following observations were made by one source ([R1-2408854]):

· Waveform 1 with frequency hopping and antenna hopping provides [1, 9] dB spatial diversity and frequency diversity compared to Waveform 1 with no frequency hopping and no antenna hopping at 1% or 10% BLER in a fading channel for a 1Rx receiver and a 2Tx CW transmitter, at least depending on the gap between the two tones and the channel's coherence bandwidth and assuming the ideal channel estimation.

· In a TDL-D fading channel with 30ns delay spread, for the gap of 10MHz, the gain is 2.6 dB at 1% BLER and 1 dB at 10% BLER.

· In a TDL-A fading channel with 30ns delay spread, for the gap of 2.16MHz, the gain is 7dB at 1% BLER target and 3.5dB at 10% BLER target. For the gap of 10MHz, the gain is 9dB at 1% BLER target and 5dB at 10% BLER target.

Note: The total transmission power is assumed the same for both waveforms.

Note:
The above evaluations assume the same time domain resources overhead for waveform 1 with or without frequency hopping.



	Spectrum utilization of backscattered signal corresponding to the CW waveforms
	<Unchanged parts are omitted>
	<Unchanged parts are omitted>

	CW interference suppression at D2R receiver
	<Unchanged parts are omitted>
	<Unchanged parts are omitted>

	Relative complexity of CW generation
	<Unchanged parts are omitted>
	<Unchanged parts are omitted>


<Unchanged parts are omitted>

Proposal
Capture the spectrum utilization comparison as the TP below in section 6.8.2 of TR 38.769:
<Unchanged parts are omitted>

Table 6.8.2-1: Observations and/or comparisons of CW waveform candidates

	CW waveform characteristics
	Waveform 1 compared to Waveform 2

NOTE 1: Waveform 1 without frequency hopping

NOTE 2: Waveform 2 with both tones from the same CW node
	Waveform 1 with frequency hopping (2-hops) compared to waveform 1 without frequency hopping

	D2R reception performance
	<Unchanged parts are omitted>
	<Unchanged parts are omitted>

	Spectrum utilization of backscattered signal corresponding to the CW waveforms
	For the D2R transmission bandwidth corresponding to the CW waveforms, waveform 2 requires twice the frequency domain resources for D2R transmission of waveform 1, if the frequency gap between the two tones is no smaller than the transmission bandwidth of the corresponding D2R transmission.

If inter-device guard band is needed for FDMed D2R transmissions, waveform 2 may require at least two times of inter-device guard band compared with waveform 1.
	<Unchanged parts are omitted>

	CW interference suppression at D2R receiver
	<Unchanged parts are omitted>
	<Unchanged parts are omitted>

	Relative complexity of CW generation
	<Unchanged parts are omitted>
	<Unchanged parts are omitted>


<Unchanged parts are omitted>

