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10.3 Study of Enhancements for solutions for Ambient IoT (Internet of Things) in NR outdoor for active devices
Please refer to RP-252964 for detailed scope of the SI.

[123-R20-A-IoT] Email discussion on Rel-20 A-IoT – Jay (LGE)
· To be used for sharing updates on online/offline schedule, details on what is to be discussed in online/offline sessions, tdoc number of the moderator summary for online session, etc

R1-2509450	Session Notes of AI 10.3	Ad-Hoc Chair (NTT DOCOMO, INC.)

R1-2508475	Skeleton of update to TR 38.769	Huawei (editor)
R1-2509565	Skeleton of update to TR 38.769	Huawei (editor)
R1-2509565 is endorsed 


10.3.1 Evaluations 
Including necessary evaluation assumptions of deployment scenarios for coverage and coexistence, evaluations of achievable cell edge data rate and link budget, as well as applicability and necessity of Device 2b and Device C to given scenarios. 

R1-2509499	Ambient IoT evaluation results spreadsheet for TR38.769	Moderator (Huawei)
R1-2509500	Summary of Ambient IoT evaluation results for TR38.769	Moderator (Huawei)

R1-2508742	FL summary #1 for Ambient IoT: “10.3.1 Evaluations”	Moderator (Huawei)

Agreement
For Rel-20 study, adopt the TP in Moderator’s evaluation summary attached in R1-2509500 into TR38.769
Note: companies can further update evaluation results (if any) into spreadsheet until RAN1#124, TP for summary of evaluation results is expected to be updated accordingly.
Note: based on the results in the summary, observation based on company results on achievable cell edge data rate at least 50m – 500m will also be discussed/captured.

Agreement
For Rel-20 study, values between -3 dBm and 5 dBm are feasible maximum transmit power for Device C (from device power consumption perspective).

Proposal:
RAN1 recommends one or more following feasible values for maximum transmit power of Device C
· Alt 1: 5 dBm
· Alt 2: {-3, 0, 3, 5} dBm
· Alt 3: {3, 5} dBm
· Alt 4: all values between -3 dBm and 5 dBm


R1-2508743	FL summary #2 for Ambient IoT: “10.3.1 Evaluations”	Moderator (Huawei)

R1-2508744	FL summary #3 for Ambient IoT: “10.3.1 Evaluations”	Moderator (Huawei)

R1-2508329	Evaluations for R20 A-IoT	FUTUREWEI
R1-2508379	Evaluations for outdoor Ambient IoT	Spreadtrum, UNISOC
R1-2509454	Evaluation on Coverage for R20 AIoT	vivo	(Revision of R1-2508423)
R1-2508438	Evaluation for Rel-20 AIoT	Nokia
R1-2508447	Discussion on evaluation results	CMCC
R1-2508499	Evaluation for active A-IoT device in outdoor scenario	Huawei, HiSilicon
R1-2508511	Discussion on Rel-20 A-IoT evaluation assumptions and results	Ericsson
R1-2508542	Evaluations for Ambient IoT	NEC
R1-2508588	Evaluation methodology for A-IoT outdoor deployment scenarios	CATT
R1-2509453	Discussion on evaluation methodology for Ambient IoT in NR outdoor for active devices				Xiaomi	(Revision of R1-2508675)
R1-2508718	Discussion on EVM for R20 A-IoT	OPPO
R1-2508758	Evaluation assumptions for outdoor Ambient IoT	Tejas Network Limited
R1-2508793	Evaluations for Rel-20 Ambient IoT	Samsung
R1-2508817	Discussion on evaluation for  active Ambient IoT device	ZTE Corporation, Sanechips
R1-2508899	Evaluations for Rel-20 Ambient IoT SI	LG Electronics
R1-2508990	Evaluation results for Device 2b&C for Ambient IoT	HONOR
		(Withdrawn)
R1-2509101	On Rel-20 Ambient IoT evaluations	Apple
R1-2509119	Evaluations for Active Devices in Ambient IoT	InterDigital, Inc.
R1-2509153	Evaluation aspects for Ambient IoT	MediaTek Inc.
R1-2509222	Evaluations for Ambient IoT in NR outdoor for active devices	Qualcomm Incorporated
R1-2509271	Study on evaluations for Ambient IoT outdoor for active device	NTT DOCOMO, INC.
R1-2509327	Evaluation for Rel-20 AIoT	IIT Kanpur
		(Late submission)
R1-2509421	Initial evaluations of Ambient IoT for outdoor devices	Sony

10.3.2 Study of air interface for Device 2b/C
Please refer to the first paragraph of objective 1 for the given conditions. Including study necessary and feasible changes to the Rel-19 air interface for Device 2b/C.

R1-2508967	Discussion on air interface for device 2b and device C	ETRI
R1-2508980	Discussion on Air Interface Enhancements for R20 A-IoT	Fraunhofer HHI, Fraunhofer IIS
R1-2508991	Views on air interface for Device 2b&C for Ambient IoT	HONOR

10.3.2.1 R2D signals, channels, waveform and procedures
Including necessary and feasible change to R2D waveform and modulation, line coding, FEC, CRC and repetitions, bandwidth, timing and Sync signals, L1 control/scheduling, and multiplexing

R1-2509510	FL summary #1 on AI 10.3.2.1 R2D Aspects for R20 AIoT	Moderator (vivo)
R1-2509511	FL summary #2 on AI 10.3.2.1 R2D Aspects for R20 AIoT	Moderator (vivo)

Agreement
For R2D Repetition, block-level repetition is considered for R20 AIoT.
· bit-level and chip level repetition are not considered for further study.

Agreement
At least for the functionality of initial frequency synchronization (including frequency acquisition) and initial timing synchronization, the periodic synchronization signal transmission is necessary.
· Default transmission periodicity is predefined
· FFS (in SI or WI): whether synchronization signal transmission is strictly periodic at reader

Conclusion: 
There is no need to remove Manchester coding for Rel-20 AIoT PRDCH.


R1-2509512	FL summary #3 on AI 10.3.2.1 R2D Aspects for R20 AIoT	Moderator (vivo)

Agreement
Regarding removal of M=24 for R2D: Capture following observations in TR 38.769
Sources [Huawei], [Ericsson], [Panasonic], [Xiaomi] and [vivo] state that it is not necessary to keep M value of 24 for R2D.
· Source [Huawei], [Ericsson] and [Panasonic] state and provide evaluation results show that, M=24 cannot work well for outdoor scenarios as its chip length is too short to resist large multipath delay and channel fading.
· Source [Huawei] shows that M=24 cannot work for outdoor scenarios with BLER close to 1 under different SNRs
· Source [Ericsson] shows that 10% BLER cannot be achieved with M=24 (even with repetitions)
· Source [Panasonic] shows that, when M=24 (and M≥12), both Device 2b and Device C cannot achieve 1% BLER and have an error floor around CNR=10 dB or larger (even without SFO/CFO)
· Source [vivo] states and provides evaluation results show that, R2D transmission with M=24 cannot achieve 1% BLER even with 2 block-level repetitions, and under similar data rates, the performance of M=24 (with 2 repetitions) is worse than that of M=12 (without repetition)
Sources [Docomo], [Futurewei], [OPPO], [Samsung], [ZTE], [Qualcomm], [CATT] and [Nokia] state that it is necessary to keep M value of 24 for R2D.
· Source [Docomo] states that M=24 can be supported for a device which is close to reader and beneficial for device power saving to reduce PRDCH reception duration with higher peak data rate
· Source [Futurewei] provides evaluation results show that M=24 can still achieve 10% BLER with a reasonable SNR
· Sources [Futurewei], [OPPO] and [Samsung] state that M=24 is needed to achieve data rates similar as R19.
· Source [Nokia] states that, M=24 should not be removed, since it is still useful for indoor scenario, and the air interface for Device 2b/C studied for outdoor scenarios will be reused in indoor scenarios.
Note: tdoc number is referred as source for the observation, and it can be updated in next meeting.

Agreement
Regarding addition of M=32 for R2D: Capture following observations in TR 38.769
Sources [Futurewei], [Qualcomm], [LGE], [Spreadtrum], [Xiaomi], [Transsion] state it is beneficial to add M value of 32 for R2D.
· Source [Futurewei] states and provide evaluation results shows that, for the TDL-C 300 ns environment, the BLER of M=32 is below 10% when CP handling method is used with 8RB resource allocation; 
· Source [Futurewei], [Qualcomm], [LGE], [Xiaomi], [Transsion] and [Spreadtrum] state that, the addition of M=32 could be considered for the purpose of achieving higher data rate. Qualcomm also states that it can increase peak data rate and reduce latency, and active devices can support it for TDL-A fading or LOS channel conditions, with the decision up to reader scheduling.
· Source [Xiaomi] states that, from the energy consumption perspective, M = 32 can enable short transmission duration to avoid interruption.
Sources [vivo], [Huawei], [OPPO], [CATT], [Samsung], [ZTE], [Panasonic], [Docomo] and [Ericsson] state that it is not necessary to add M value of 32 for R2D.
· Sources [vivo], [Huawei], [Samsung], [CATT], [ZTE], [Docomo], [Panasonic], and [OPPO] state concern on feasibility of M=32 due to too short chip duration. 
· Source [Huawei] provide evaluation results show that, M=32 cannot work for outdoor scenarios with BLER close to 1 under different SNRs, as its chip length is too short to resist large multi-path delay and channel fading, so addition of M=32 is not supported.
· Source [CATT] provide evaluation results show that, for Device 2b, M=32 cannot satisfy the 500m coverage requirement at 10% BLER, and for Device C, though it can reach 10% BLER, it has an error floor above 1% BLER.
· Source [vivo] provide evaluation results show that R2D transmission with M=32 cannot achieve 1% BLER even with 3 block-level repetitions, and under similar data rates, the performance of M=32 (with 3 repetitions) is worse than that of M=12 (without repetition)
· Source [Panasonic] provide evaluation results show that, when M =32, both Device 2b and Device C cannot achieve 1% BLER and have an error floor around CNR=10 dB and larger due to smaller chip duration.
· Source [Ericsson] provide evaluation results show that, for Device 2b and Device C, a 10% BLER cannot be achieved with M=32.
· Sources [OPPO] and [Samsung] state that, higher data rate with M=32 lacks motivation.
· [Docomo] states that, it would increase device complexity as devices need to blindly detect and differentiate M=24 and M=32 with certain FDR.
Note: tdoc number is referred as source for the observation, and it can be updated in next meeting.

Agreement
Regarding the order of channel coding (with interleaver, if supported) and block-level repetition: Capture following observations in TR 38.769
· Sources [vivo], [Huawei], [NEC], [CATT], [ZTE], [Futurewei], [Apple] and [Qualcomm] report that channel coding before block-level repetition should be supported, with following justifications 
· Sources [vivo], [NEC], [CATT] and [Qualcomm] state that less memory is required by the channel coding before block-level repetition, compared with channel coding after block-level repetition.  
· Source [Huawei] states that the order of the channel coding first, followed by block-level repetition should be supported because of the diversity gain achieved due to the increased distance of a given parity bit in the output stream when compared to the reverse order. 
· Source [CATT] states that block-level repetition before FEC scheme requires Rblock times more interleaver memory as well as higher implementation complexity and processing delay for both devices and reader.
· Sources [OPPO] and [LGE] state that channel coding after block-level repetition should be supported.


R1-2509513	FL summary #4 on AI 10.3.2.1 R2D Aspects for R20 AIoT	Moderator (vivo)

Agreement
Regarding Addition M=1 for R2D: Capture following observations in TR 38.769
· Sources [Futurewei], [Spreadtrum], [Nokia], [CMCC], Huawei], [Ericsson], [Xiaomi], [CATT], [Transsion], [LGE], [Panasonic], [Apple], [TCL], [IIT Kanpur], and [Sequans] states that addition of M=1 is beneficial to improve R2D coverage.
· Source [Huawei] shows that, M = 1 provides ~3 dB performance gain compared with M = 2 using correlation detection with TBS 20 bits and 96 bits, and ~2.5dB performance gain with TBS 400 bits, when repetition and FEC is not applied, where the CINR/CNR for OOK4 signal, is calculated according to section 4.3.2 of TR 38.769.
· Source [Panasonic] shows that, M = 1 shows performance gain, when repetition and FEC is not applied, where the CINR/CNR for OOK4 signal, is calculated according to section 4.3.2 of TR 38.769.
· Source [CATT] states that, For M=1, the larger chip duration could reduce the DS impact and improve the detection performance for Device 2b/C in outdoor deployment scenario.
· Sources [vivo], [ZTE], [OPPO], [Qualcomm], [DOCOMO] states that addition of M=1 is not necessary.
· Sources [vivo], [ZTE], [OPPO], [DOCOMO] states that, OOK with M=2 using together with repetition achieve the same data rates as M=1.
· Source [ZTE] further observed that OOK with M=2 using together with repetition can achieve better time-domain diversity gain and power boosting gain than OOK with M=1, where the CINR/CNR for OFDM symbol with non-zero power is calculated according to section 4.3.2 of TR 38.769, OFDM symbol with zero power is not counted.
· Source [ZTE] states that, OOK4 with M =2 and M=4 have better detection performance than OOK4 with M =1, where the CINR/CNR for OFDM symbol with non-zero power is calculated according to Section 4.3.2 of TR 38.769, OFDM symbol with zero power is not counted. 
· Source [Qualcomm] shows that, M=1 cannot provide better performance than M=2, if the CINR/CNR for OFDM symbol with non-zero power is calculated according to Section 4.3.2 of TR 38.769, and OFDM symbol with zero power is not counted. Source [Qualcomm] also shows that M=1 provide less than 2dB performance gain than M=2, if the CINR/CNR, for OOK4 signal across all OFDM symbols, is calculated according to Section 4.3.2 of TR 38.769.

Agreement
For the functionality of indicating the start of the R2D transmission that contains PRDCH, 
· At least, it is feasible to use binary sequence-based SIP (i.e., m-sequence or Golay sequence), and the binary sequence-based SIP can be used for timing synchronization/tracking.
· Regarding Rel-19 SIP,
· Source [CATT] provide evaluation results show that R-TAS SIP defined in Rel-19 A-IoT can satisfy the detection requirements of target MDR of 10% for the FAR up to 1% in outdoor scenarios
· Source [vivo, Huawei, Qualcomm, ZTE] provide evaluation results to show R19 SIP cannot be reliably detected.
· Source [vivo] show that R19 SIP does not outperform sequence-based SIP in MDR, even if R19 is using sequence correlation detection instead of edge detection in R19.
· Source [Qualcomm] shows that, for Rel19 SIP using energy detection (Option 2), the required CNR at BLER=10% is about 8dB higher than PRDCH with 20bit+6bit CRC, M=2, TBCC 1/3 (e.g., for R2D L1 control), indicating that Rel19 SIP cannot be reused and enhancement is needed.
· Source [Huawei] show that if the same R-TAS design is used for a device C using correlation detection, the required SNR is 17.0 dB to achieve MDR ≤ 1% and FAR ≤ 1%, which is also not sufficient for the coverage enhancement for outdoor scenarios
· Source [ZTE] provide evaluation results shows that the Release 19 SIP sequence performance at BLER=1% cannot satisfy the coverage requirements, while the performance at BLER=10% can satisfy the coverage requirements.

Agreement
R2D periodic synchronization signal is a binary sequence in time domain
· The binary sequence reuses Rel-19 R2D waveform
· The binary sequence has a pre-defined chip length
· Device assumes that the binary sequence has a predefined length
· The number of binary sequence(s) is less than or equal to 4
· If more than 1 sequence is supported, it is for potential reader identification/differentiation
· Study whether Manchester coding is applied to the binary sequence
· Study necessity of other aspects, including overlaid sequence

Agreement
Regarding R2D FEC schemes, Capture following observations in TR 38.769
If FFC is supported for R2D, 
· Sources [vivo], [CMCC], [Huawei], [NEC], [CATT], [CTC], [Transsion], [LGE], [Apple], [TCL], [Sequans] [OPPO], [Panasonic], [Qualcomm] report LTE TBCC should be supported. 
· Sources [Futurewei], [Transsion] report tailed CC with same polynomial as LTE TBCC can be supported. 
· Source [Qualcomm] reports Reed-Muller coding can be supported. Source [CATT] reports Reed-Muller coding can be supported for L1 control, if L1 control is no larger than 11 bits, otherwise, TBCC is supported. 
The following are observations regarding comparison of LTE TBCC, Tailed CC with same polynomial as LTE TBCC and Reed-Muller coding 
For comparison between LTE TBCC and Tailed CC with same polynomial as LTE TBCC.
· Source [Futurewei] states, for the same number of information bits N, a tailed convolutional code encodes L-1 additional bits (tail bits) to ensure the final state returns to 0. With tail bits, a typical decoder can operate on N+L-1 bits. With TBCC, no additional bits are needed but a typical decoder operates on at least 2N bits. For moderate and larger number of information bits, tailed convolutional codes and TBCC have the same performance. For smaller number of information bits, with additional decoding iterations, the performance of TBCC can approach the performance of tailed convolutional codes.
· Source [vivo] states, compared with LTE TBCC, tailed convolutional code can reduce decoding complexity while increase the overhead.
· Source [Huawei] states tailed convolutional codes with the same polynomial as LTE TBCC has a performance similar to LTE TBCC but suffers rate loss with zero bits padded at the end of the input bits.
· Source [TCL] states, the decoding for Tailed convolutional code maybe simpler, but the tail bits need to be sent, and the actual effective code rate slightly decreases
For comparison between LTE TBCC and RM
· Source [vivo] states RM code suffers performance degradation and larger complexity at least for larger transport block size, without power reduction benefit
· Source [CMCC] states, RM code is deprioritized due to the restricted operational range
· Source [Huawei] states RM codes have a 4-5 times higher power consumption than convolutional codes due to the complicated fast Hadamard transform calculation for the FEC decoder, and has a 3-11 bit TBS restriction in the NR baseline design.
· Source [TCL] states the combinations of code length and code rate for RM code are limited, which is less flexible than convolutional codes. And the evaluation for the performance of the RM code is needed under low signal-to-noise ratio conditions. 
· Source [Qualcomm] states RM codes performs worse than TBCC. RM with k=8 or 10, n=32 has lower decoding complexity, memory cost, hardware area cost and lower power consumption than Viterbi decoding for TBCC with 1/2 or 1/3 coding rate.
· Source [Docomo] states decoding complexity of RM code is expected to be lower than Viterbi decoding for TBCC. RM is not supported for payload size larger than 11. 
Note: tdoc number is referred as source for the observation, and it can be updated in next meeting.

Agreement
For Option a: unmodulated sinusoid single tone
Sources [Futurewei], [Spreadtrum], [vivo], [CMCC], [Huawei], [Ericsson], [NEC], [CTC], [Xiaomi], [Samsung], [ZTE], [LGE], [Lenovo], [Apple], [MTK], [Sharp], [Quectel], [Qualcomm], [Docomo], [TCL], [IIT Kanpur], [CEWiT], [Sequans], [interDigital], and [Sony] state that, option-a unmodulated sinusoid single tone is feasible, and can be considered for CFO calibration signal.
[Working principle]
· Sources [vivo] and [Huawei] and [Docomo], report with references, and state that, the CFO calibration is based on injection lock mechanism, and the working principle of injection lock is to leverage the phase interaction between an external single-tone signal and the internal oscillation signal of an oscillator to lead the oscillator’s frequency lock to that of the unmodulated sinusoid single-tone signal.
· Source [CMCC] report with simulation result, and states that, CFO calibration using unmodulated sinusoid is performed at intermediate frequency, where the reader transmits the CFO calibration signal with a pre-defined duration, the device mixes the CFO calibration signal with its internally generated wave, can then count the number of periodicities of the residual frequency within the duration to estimate and calibrate the CFO.
[Positive views]
· Source [CMCC] report that with a duration of 1 OFDM symbol, the CFO after calibration can be reduced to less than 10 ppm.
· Sources [Futurewei], [Ericsson], [CTC], [Samsung], [ZTE], [LGE], [Qualcomm], [Lenovo] and [IIT Kanpur] state that unmodulated sinusoid single tone can achieve CFO calibration with low complexity.
· Source [vivo] states that single tone signal is already supported in NB-IoT, (e.g., NPRACH), there is no co-existence issue.
[Negative views]
· Source [CATT] states that it will create the inter-channel interference to neighboring NR sub-bands.
· Source [Qualcomm] states that this method may be vulnerable to deep fading, reducing reliability.
For option b, unmodulated multiple sinusoid single tones
Sources [LGE], [Qualcomm] and [TCL] report that option b con be considered for CFO calibration
[Positive views]
· Source [LGE] states that, option b provides frequency diversity gain while maintaining low complexity; considered as optional feature. It is preferable that the tones are sufficiently separated in frequency, e.g., by at least the Rx filter bandwidth.
· Source [Qualcomm] states that, using multiple sinusoidal tones can improve robustness against fading by providing frequency diversity.
· Source [TCL] states that, although option b is slightly more complex than a single tone, it is still a very simple waveform.
[Negative views:]
· Sources [Futurewei], [vivo], [Spreadtrum], [Sony], [TCL] and [Quectel] state that option b increases in detection complexity, and it may also complicate frequency resource allocation.
· Sources [vivo] and [Huawei] raised feasibility concerns on option b
· Source [vivo] states that even with increased complexity, it is not clear how does it work, since frequency of each tone cannot be accurately determined, due to only frequency range of each can be determined if captured by Rx filter, and the target frequency for LO calibration cannot be accurately determined.
· Sources [Huawei] and [NEC] state that multiple frequency components would occur when mixed with the local RF frequency signal and it is difficult to lock the LO frequency.
· Source [Sequans] state that multiple unmodulated tones increase PAPR and require FFT-based tone separation
For Option c, modulated multiple tones, 3 different designs are reported by companies
[Working principle]
· Source [Ericsson] state that the unmodulated multiple tones are transmitted in different frequency locations in different time resources
· The reader transmits the synchronization signal using a centered bandwidth sweeping method, where each centered bandwidth covers a portion of the overall synchronization signal bandwidth
· The device detects the synchronization signal power at different strengths on each of the subsets and based on the subset with the strongest synchronization signal power, the device applies a frequency correction
· Sources [CATT] and [MTK] report that, CFO calibration is done in baseband domain, and CFO Calibration is OOK sequence (Not R19 SIP or CAP). The CFO pre-compensation method is given as follows:
· Step 1: The received signals with pre-compensated CFO ±Δf is added in the received R2D signals to limited the frequency offset within ±1/2 Δf.
· Step 2: The correlation processing of the CFO calibration signal with the received signals, the precompensated received signals with additional Δf, and the pre-compensated received signals with additional-Δf.
· Step 3: The peak of the correlation values from the three correlation outputs would be selected as the received signals for the R2D signal processing.
· Sources [Docomo] states that, the CFO calibration can be achieved by measuring chip length 
· Source [Docomo] states that one possible implementation is devices calibrate CFO based on SFO calibration by counting the number of samples of 0s and 1s and comparing with the defined duration of a pattern.
[Positive views]
· Source [Ericsson] state that using the synchronization signal to perform the CFO calibration of device 2b is foreseen to be suitable (residual CFO of 100 ppm)
· Source [CATT] state that the OFDM waveform-based CFO calibration signals would be orthogonal to neighboring NR channels
· Sources [CATT] and [MTK] state that R2D synchronization signal can be used for CFO calibration signal
· Source [Docomo] state that may be feasible if same clock (LO) is used for both carrier frequency generation and sampling.
[Negative views]
· Source [Ericsson] state that the CFO calibration of device C may require using unmodulated sinusoid single tone to meet a residual CFO of 10 ppm.
· Sources [Futurewei], [vivo], [CMCC] and [CEWiT] state that the CFO hypothesis at AIoT receiver cannot be constructed in baseband due to phase information for received signal is not kept in envelop detector, and no I/Q path in receiver baseband.
· Source [ZTE] report that, in multi-tone LP-SS discussion, the LP-WUR doesn’t have the capability to acquire good frequency calibration, similarly this method is not reliable.
· Sources [Huawei] and [NEC] state that the LO frequency calibration cannot rely on the baseband clock to fulfil the calibration procedure and the calibration signal should be utilized for the RF-end clock.
· Source [vivo] state that using ON chip duration to calibration Clock it not feasible, since according to RAN4 requirements on pulse width, Table 6.4.2-1 in section 6.4.2 of Ts 39.194, the pulse of a chip, the allowed chip length can be <=1.3 Tc when the nominal chip length is Tc, in this case, it is not feasible to use chip length/pulse width for CFO calibration.
· Source [Lenovo] states that pulse width distortion analysis is possible to be used for A-IoT device due to simplicity, but timer resolution at device is required to be much less than the difference between estimated pulse width and the transmitted pulse width.
Note: whether/how to capture blue parts can be up to editor

Agreement
Regarding whether the CFO calibration signal is transmitted periodically and/or as needed (aperiodically), capture following in TR38.769
[Periodic transmission CFO calibration signal]
Sources [Futurewei], [vivo], [CMCC], [Huawei], [CATT], [CTC], [Xiaomi], [ZTE], [Apple], [interdigital], [MTK], [Quectel], [Sequans], [Apple], [Qualcomm], [TCL], [Lenovo] and [CEWiT] state that the CFO calibration signal is periodically transmitted.
[Positive observations]
· Sources [vivo], [CMCC], [CTC] and [Sony] state that, CFO calibration signal with hundreds ms or 1 second periodicity is already sufficient. Aperiodic CFO calibration signal, e.g., on demand transmission with PRDCH is not needed due to slow frequency drift. Source [Ericsson] also states that the CFO calibration signal can be transmitted in very sparse manner.
· Sources [CMCC], [Huawei], [CTC], [Lenovo] and [Quectel] states that, to support DO-A traffic, periodic CFO calibration signal is needed.
· Source [CMCC] states that, periodic CFO calibration is needed to avoid a device from keep monitoring the CFO calibration signal before transmitting the very first D2R transmission for DOA traffic.
· Source [MTK] and [Spreadtrum] states that it is beneficial to provide regular opportunities for devices to perform frequency calibration and maintain accurate synchronization with the reader.
[Aperiodic transmission CFO calibration signal]
Sources [Huawei], [CATT], [Xiaomi], [ZTE], [LGE], [MTK], [Quectel], [Spreadtrum], [Lenovo], [Apple], [Sharp], [Qualcomm], [IIT Kanpur], [Samsung] and [CEWiT] state that the CFO calibration signal can be transmitted aperiodically. In which, Sources [Huawei], [CTC], and [Quectel] state that Aperiodic CFO calibration signal can be considered with periodic CFO calibration signal as baseline.
[Positive observations]
· Source [Huawei] state that with the DRX configuration, the device will miss several instances of the periodic CFO calibration signal. In this case, the CFO calibration signal can be considered to be transmitted as needed, e.g., transmitted after the PRDCH carrying the paging message.
· Source [CATT] states that the R2D calibration signal should be transmitted before R2D reception and D2R transmission. Since R2D reception and D2R transmission may be either periodic or aperiodic, both periodic and aperiodic CFO calibration signals should be supported.
· Sources [ZTE], [LGE], [Lenovo], and [MTK] states that, at least for D2R triggered by PRDCH, the on-demand transmission of CFO calibration signals is beneficial to keep the interval between the CFO calibration signal and the subsequent D2R transmission short for better CFO calibration accuracy.
[Negative views]
· Source [vivo] states that if CFO calibration totally relying on aperiodic signal, the CFO calibration accuracy cannot be guaranteed, which depends on traffic.
Note: whether/how to capture blue parts can be up to editor

Agreement
Capture following in TR38.769
Company reports that whether a time gap between L1 R2D control information and data payload in PRDCH, depends on following factors
· Whether device buffers data part before finishing L1 control decoding, as reported by sources [vivo], [Huawei], [Samsung], [Spreadtrum], [Docomo], [CMCC], [OPPO], [Ericsson], [Qualcomm], [NEC], [Nokia], [Xiaomi], [ZTE] and [Apple].
· Sources [vivo], [Huawei], [Samsung], [Spreadtrum], [Docomo], [NEC] and [ZTE] state that gap between L1 R2D control and data is not needed, assuming device can buffer data part before finishing L1 R2D control decoding. Source [Huawei] further state that the time gap would increase the power consumption of the device.
· Sources [CMCC][OPPO] and [Xiaomi] state that time gap is needed to reduce/avoid buffer at AIoT device.
· Whether frequency resource is different for L1 R2D control information and data payload, as reported by sources [OPPO] and [NOKIA]
· Whether chip duration (M value) is different for L1 R2D control information and data payload, which is reported by sources [Futurewei], [Huawei] and [LGE]
· Whether L1 R2D control information and data payload are separate channel, as reported by source [CMCC]
· Whether CFO calibration signal is placed between L1 R2D control information and data payload, as reported by [Lenovo].
For Option 1, L1 R2D control information and data payload of PRDCH are contiguous in time, 
· Sources [Samsung] and [Apple] state that, transmit L1 R2D control information and data payload in the same PRDCH with contiguous time resources and same frequency resource is beneficial for low device complexity. [Apple] further report that this simplifies the timeline design.
· Sources [vivo] and [NEC] report that the time gap is not long enough to introduce gap between L1 R2D control information and data payload. Sources [Huawei], [NEC] further states that decoding of L1 R2D control information the device can parallelly store the data payload in buffer, and receive L1 R2D control information, hence time gap is not needed.
· Sources [vivo] and [ZTE] report that L1 R2D control transmitted in the same frequency as data payload in PRDCH, and time gap is not needed.
· Source [LGE] report that no time gap needed if the chip length for L1 R2D control information is the same as that for data payload of PRDCH.
For Option 2, L1 R2D control information and data payload of PRDCH are NOT contiguous in time, 
· Sources [FUTUREWEI], [Ericsson] and [Xiaomi] report that a short time gap is needed if the device is not capable of decoding L1 R2D control and buffering data payload of PRDCH.
· Source [CMCC] state that, L1 R2D control and data payload are transmitted in separated physical channel, hence they are not contiguous.
· Source [OPPO] state that, time gap is needed to switch the frequency if L1 R2D control is transmitted in different frequency from data payload.
· Source [FUTUREWEI], [LGE] report that time gap maybe needed if the chip length for L1 R2D control information is different from that for data payload of PRDCH.
· Source [Qualcomm] report that, if there is a gap, midamble can be inserted between L1 R2D control information and data payload. 

Agreement
Regarding frequency resource of L1 R2D control information
· Sources [Futurewei], [Spreadtrum], [vivo], [Huawei], [Samsung], [NEC], [ZTE], [Apple] and [Qualcomm] report that same frequency resource for R2D preamble, L1 control and data part.
· Source [Futurewei] state that different frequency resource will cause additional latency as the transmission carrying control information must be first received followed by receiving the transmission carrying the payload. And unclear of the necessity of this option if FDM is not supported
· Sources [vivo] and [Huawei] state that frequency retuning can be avoided if L1 control information and the corresponding data payload are located with same frequency locations. Otherwise, it will lead to additional adjustment delay and power consumption.
· Sources [Spreadtrum] and [vivo] state that the motivation of transmitting L1 control and data payload in different frequency is not clear.
· [OPPO] report that frequency resource for R2D preamble, L1 control and data part can be different such as to reduce the load in the frequency resource used for L1 control.

Agreement
Capture following in TR 38.769
For the functionality of chip duration determination of the L1 R2D control information, the following options are studied
For option 1, Fixed chip duration. No use of CAP for chip duration determination.
[positive observations]
· Sources [Ericsson], [CATT], [LGE] and [CTC] states that fixed chip duration for L1 R2D control information lowers the complexity and power consumption of chip duration detection.
· Source [CATT] states that fixed chip duration for L1 R2D control information minimize the ambiguity of the chip duration detection, and thus enhance the success rate of L1 R2D control information reception.
· Source [Ericsson] states that using fixed chip duration (using the smallest M value for optimal coverage) can achieve higher reliability for L1 R2D control information.
[Negative observations]
· Source [Qualcomm] and [Samsung] states that to achieve the largest coverage, L1 control would need to use the lowest M, which increases overhead for each R2D transmission.
· Sources [FUTUREWEI], [Samsung], [ZTE], [Huawei], [vivo], [Docomo] and [CMCC] states that, if chip duration for L1 control information is fixed, the flexibility or transmission efficiency is restricted.
For option 2, Blind detection from a predefined set of the chip durations of L1 R2D control information. No use of CAP for chip duration determination.
[positive observations]
· [CMCC] and [Panasonic] state that blind detection within configured set provide better flexibility for chip length for L1 R2D control information.
· [CMCC] states that blind detection is viable if the number of predefined chip duration candidates is restricted. Additionally, [CMCC] states that Option 2 can be combined with device-specific configuration signaling to enhance flexibility without excessive complexity. 
[Negative observations]
· Sources [FUTUREWEI], [Samsung], [vivo], [DOCOMO], [Ericsson] and [ZTE] state that Option 2 increases detection complexity.
· Source [Qualcomm] states that it may be impractical due to constraints on power consumption and memory needed for buffering the incoming R2D L1 control information samples.
· Sources [Huawei] and [LGE] state that option 2 would require additional time gap between the L1 control information and the data payload of the PRDCH to allow for decoding delay.
· Sources [vivo] and [Ericsson] state that reliability is doubtful due to blind detection.
· Source [vivo] states that repetition and FEC parameters should be indicated anyway to achieve flexibilities in coverage and resource overhead, no need to leave chip duration for blind detection.
For option 3, Use CAP
[positive observations]
· For Alt.3-1 Rel-19 CAP pattern, Sources [Samsung] and [Sequans] state that Rel-19 CAP pattern to determine chip length of L1 R2D control part offer a balance between detection complexity and performance.
· For Alt.3-2b, CAP pattern and the association between chip durations for CAP and chip durations of L1 R2D control information, Sources [LGE], [Apple] and [Qualcomm] report that this option can achieve better detection reliability compared with R19 CAP. Apple further states that this option maintains consistency with Release-19 design principles. Source [Qualcomm] report that R19 CAP with repetition using correlation-based detection improves reliability, with low detection flexibility.
[Negative observations]
· Source [Qualcomm] states option 3 requires blind detection; and MD/FA rates and CAP overhead needs to be considered.
· Source [ZTE] states option 3 results in additional overhead due to transmission of CAP.
· Sources [CMCC], [vivo] and [Huawei] state that Option 3 is based on edge detection to determine the chip duration by using CAP, so the performance is limited or unfeasible due to the use of edge detection to detect the CAP pattern. Sources [ZTE] and [Ericsson] also report the performance of this option should be further evaluated.
· Source [Ericsson] states that option 3 would make the decoding of the L1 R2D control information more complicated for the device. 
· Source [vivo] states that repetition and FEC parameters should be indicated anyway, no need to leave chip duration for blind detection using CAP.
For Option 4, Use a set of different binary sequences with fixed or variable length
[positive observations]
· For Alt 4-1, using binary sequences for SIP. No use of CAP for chip duration determination
· Sources [Nokia], [Huawei], [NEC], [LGE], [Docomo] and [Panasonic] state that this method can provide flexibility for R2D chip duration.
· Source [Huawei] state that a restricted set of binary sequences of differing lengths are mapped to different chip durations and coverage distances, which can be detected with limited blind detection complexity. Parallel processing for the blind detection of different sequence lengths avoids and processing delay. Besides, R-TAS design is simplified, which consist only sequence-based SIP.Alt.4-2: using binary sequences for CAP.
· Sources [Nokia] and [Panasonic] report that flexibility on chip length of L1 R2D control can be achieved.
[Negative observations]
· Sources [vivo], [Ericsson] and [Qualcomm] states that option 4 increases detection complexity. And Ericsson states that option 4 would make the decoding of the L1 R2D control information more complicated for the device.
· Sources [ZTE] and [Ericsson] report that the performance of this option should be further evaluated.
· Source [vivo] states that repetition and FEC parameters should be indicated anyway, no need to leave chip duration for blind detection; vivo further report that it leader more challenges on preamble design, requiring larger number of sequences to indicate four M values in addition to reader/cell ID differentiation;
For option 5, Use broadcast information (if any) to indicate the chip duration
[positive observations]
· Sources [vivo], [ZTE] and [Qualcomm] state that better flexibility can be achieved without blind detection, and sources [vivo] and [ZTE] further state that the chip duration for L1 can be indicated together with other parameters for control information, e.g., repetition and FEC related parameters. Source [CMCC] state that this method can be used for L1 R2D control information common for devices, for example, the L1 R2D control information for scheduling paging message.
· Source [OPPO] state that the chip length should be pre-known by device to minimize complexity and power consumption at AIoT device.
[Negative observations]
· Source [Qualcomm] states that it requires system info acquisition and memorization. 
· Source [Huawei] and [Samsung] states that only to indicate chip duration in broadcast information limits flexible time resource allocation from system perspective.
· Source [Ericsson] states that this option is a simple solution but not applicable for paging and broadcast PRDCH.
· Source [Docomo] states that state that option 5 has less flexibility on chip duration of L1 R2D control compared to option 2/3/4. 
Note: whether/how to capture blue parts can be up to editor

Agreement
Regarding interleaving and LTE bit collection schemes for R2D, capture following observations in TR 38.769
Sources [vivo], [Huawei], [Qualcomm], [Docomo] and [ZTE] state that it is beneficial to support interleaving to improve coverage by obtaining time diversity gain. 
Sources [vivo], [Huawei] and [Docomo] state it is feasible to support LTE subblock interleaving and LTE bit collection. 
· Source [vivo] report with references to show that the power consumption for LTE de-interleaving for turbo decoding is tens of uW, even with multiple parallel (de)interleaving operation, and each operation with max number of bits of 6144. It can be expected that the power consumption for TBCC with LTE bit collection and with or without LTE sub-block interleaving can be even simpler. Hence, both LTE TBCC with bit collection with or without LTE sub-block interleaving are feasible.
· Source [Huawei] and [Docomo] report that the additional power consumption can be supported by active devices due to higher peak power consumption, allowing them to support larger memory. Source [Huawei] further report that larger memory would enable these devices to support the use of a LTE de-interleaver, and can follow the same hardware as used for the LTE sub-block interleaver with LTE bit collection scheme in D2R.
The following are observations regarding comparison of three alternatives. 
For Alt 1: reuse both LTE sub-block interleaver and LTE bit collection scheme
· Sources [Futurewei], [Huawei], [OPPO], [CATT], [LGE] and [Panasonic] report LTE sub-block interleaver and LTE bit collection scheme can be supported, if FEC is supported. 
· Source [Futurewei] states that, reusing both LTE sub-block interleaver and LTE bit collection scheme enables a device to eliminate the repetition block and associated memory as the bit collection scheme can use the memory for the sub-block interleaver for repeated bits. Another benefit is the various coding rates are achievable without modifying the encoder specification.
· Source [Huawei] states that, reusing the LTE sub-block interleaver and LTE bit collection scheme should be supported due to its performance gain especially for larger TBS transmissions, providing 1dB and 2.8 dB performance gain compared with Alt 2 for BLER 10% and BLER 1% respectively, for a TBS of 400 bits.
· Source [LGE] states that, Alt 1 and Alt 2 are beneficial as they reuse the LTE bit collection scheme and/or the LTE sub-block interleaver, enabling R2D coverage enhancement with minimal specification effort
· Source [Panasonic] states that, LTE sub-block interleaver could be beneficial for R2D to reduce the burst error caused by fading, especially for the longer message size with smaller values of M
· Source [Qualcomm] states that, Alt 1 and Alt 2 can achieve similar BLER performance, and both require buffering full-length coded bits. 
For Alt 2: reuse LTE bit collection scheme without LTE sub-block interleaver
· Sources [vivo], [NEC], [ZTE], [LGE], [Apple] and [Qualcomm] report LTE bit collection scheme without LTE sub-block interleaver can be supported, if FEC is supported. 
· Source [vivo] states that, Alt 1 and Alt 2 presents similar performance; thus Alt 2 is sufficient. 
· Source [ZTE] states that, since bit collection does not require interleaving, the complexity of Alt 2 is lower than interleaving. FEC with bit collection and FEC with sub-block interleaver has similar performance compared with FEC with bit collection.
· Source [LGE] states that, Alt 1 and Alt 2 are beneficial as they reuse the LTE bit collection scheme and/or the LTE sub-block interleaver, enabling R2D coverage enhancement with minimal specification effort
· Source [Apple] states that, Alt 2 provides a good balance between performance and complexity for device 2b/C, reusing existing 3GPP designs while minimizing memory requirements.
· Source [Qualcomm] states that, for small number of coded bits, Alt2 can be used to improve interleaving gain
For Alt 3: based on LTE bit collection scheme with some update (e.g., for memory reduction) without LTE sub-block interleaver
· Source [Qualcomm] and [NEC] report that, LTE bit collection scheme with segment can be supported, if FEC is supported. 
· Source [NEC] states that, Alt 3 can be adopted if memory size limitation exists in devices
· Source [Qualcomm] states that, Alt3 with two segmentations requires half of the buffering size versus Alt2 at price of 2.5dB performance loss, but still outperforms the no-FEC approach using three block-level repetitions. For large number of coded bits, Alt3 can be applied to reduce buffering requirements
· Source [vivo] and [Huawei] state that, Alt 3 degrades performance due to lower time diversity gain compared with Alt 1/2, and [vivo] observes that, Alt 3 with two segments for 1000 bits TBS also suffers loss compared with block-level repetition.  
· Sources [vivo] and [Huawei] state that, since memory/power consumption by Alt 1 and Alt 2 is feasible for AIoT device, it is unnecessary to further reduce memory/power consumption by Alt 3.  
· Source [LGE] states that, Alt 3 is potentially advantageous in terms of memory reduction for A-IoT devices, but is considered less favourable due to the extensive discussion required to evaluate the performance of various bit collection schemes

Agreement
Capture following observations for sequence type for R2D SIP in the TR 38.769, that
For binary sequence based R2D SIP, m-sequence and Golay sequence are studied.
· Sources [Qualcomm] and [interdigital] provide evaluation results show that m-sequence and Golay sequence shows similar MDR/FAR and correlation property. [Docomo] states that both m-sequence and Golay sequence have good auto-correlation property.
· Sources [vivo], [OPPO], [Apple], [interdigital], [Qualcomm] and [LGE] report that m-sequence can be considered as binary sequence for R2D SIP, with the following observations:
· Source [vivo] states that m-sequences with same length but different cyclic shifts/initial states can be considered to achieve good cross-correlation between different sequences. 
· Sources [interdigital], [LGE] and [Qualcomm] state that m-sequence design can be expected to be implemented with lower complexity than a Golay sequence. Source [Qualcomm] further state that m-sequences can be generated by storing the initialization state of the polynomial, reducing memory requirements.
· Sources [Huawei], [Qualcomm], [Docomo], [LGE] report that Golay sequence can be considered as binary sequence for R2D SIP, with the following observations:
· Source [Huawei] states that Golay sequence achieves lower operational and correlation complexity compared with m-sequence.
· Source [Docomo] states that Golay sequence with flexible sequence length may be beneficial for alignment with the OFDM symbol boundary.
· Sources [Qualcomm] and [LGE] states that Golay-sequence offers slightly better cross-correlation than m-sequence, and source [Qualcomm] further states cross-correlation depends on the choice of Golay pairs, and Golay sequences may be programmed into devices.

Agreement
Capture following observations for number of sequences for binary sequence based R2D SIP in the TR 38.769, that
For number of sequences for binary sequence based R2D SIP
· Sources [Futurewei], [vivo], [Nokia], [Huawei], [Xiaomi], [Panasonic], [Lenovo] and [Qualcomm] report that multiple sequences can be used for a given length for R2D SIP. 
· Sources [vivo], [Panasonic], [Lenovo] report the purpose of multiple sequences is for reader differentiation, Sources [vivo] and [Panasonic] suggest to consider 3 sequences.
· Source [Huawei] report that different length sequences are mapped to different coverage distances, in order to maximize the performance for each of the distances for outdoor scenarios while maintaining MDR and FAR to be ≤ 1%.
· Sources [Xiaomi], [Lenovo] report the purpose of multiple sequences is to indicate parameters of upcoming R2D transmission. [Xiaomi] [Lenovo]report that presence of CFO calibration signal can be indicated by SIP sequences, and [Lenovo] also report that inclusion or exclusion of L1 control information, synchronization signal, or PRDCH, can be indicated by SIP sequences.
· Source [NEC] report that single length and single sequence is beneficial for lower complexity and power consumption.
· Source [Docomo] report that device complexity on correlation-based detection for multiple sequences should be considered.

Agreement
Regarding whether to apply Manchester coding to the binary sequence-based SIP, Capture following in TR38.769.
Sources [vivo], [CTC], [Qualcomm] and [Sony] report that Manchester coding can be applied to binary sequence for R2D SIP
· Source [vivo] and [Qualcomm] state that sequence Manchester coding achieves similar MDR and timing performance. 
· Source [vivo] provide evaluation results show that for 31-bit m-sequence with Manchester coding, 31-bit m- sequence without Manchester coding, and 63-bit without Manchester coding, these three cases have comparable durations (~15 OFDM symbols), and shows similar MDR performance.
· Source [Qualcomm] provide evaluation results show that the 15-bit m-sequence with Manchester coding and the 31-bit m sequence without Manchester coding have comparable durations (~7.5 OFDM symbol), and both show similar MD performance.
· Source [Sony] states that applying Manchester coding to the sequence is important in OOK modulation with low data rate where a long number of zeros and ones may result in the clock drift.
· Source [vivo] also states that timing performance for sequence with Manchester coding is slightly better compared with longer sequence w/o Manchester coding (same overall duration), due to narrower main lobe of auto-correlation can be achieved with Manchester coding.
Source [Futurewei] states that the disadvantages of applying Manchester coding include increasing complexity and decreasing the number of sequences. 

Agreement
Regarding whether to apply same or different chip duration for L1 R2D control and data payload, Capture following in TR38.769.
Sources [Spreadtrum], [Huawei], [Ericsson], [Samsung], [LGE], [Apple] and [Sequans] report that, the use of the same chip duration for L1 R2D control information and data payload in the PRDCH, have the following benefits:
· Sources [Spreadtrum], [Huawei], [Samsung], [Sequans] and [Apple] state that the use of the same chip duration simplifies device implementation, and [Huawei] further states that the L1 R2D control information can avoid any decoding delay and avoid the need for a time gap between the L1 R2D control information and the data payload of the PRDCH.
· Sources [Ericsson] states that, for broadcast PRDCH and paging PRDCH, the R2D parameters, including chip length for data payload of PRDCH, can be fixed for cater to the cell-edge scenarios.
· Sources [Samsung], [Sequans] and [LGE] state that using the same M value for the L1 R2D control part and the data payload avoids additional signaling overhead, and [Samsung] [Sequans] further states that this ensures consistent coverage for both control and data, and no clear benefit to use different chip length for L1 control part and data part.
Sources [Futurewei], [vivo], [CMCC], [Ericsson], [NEC], [CTC], [Xiaomi], [ZTE], [LGE], [Panasonic],[Docomo], [Apple], [Qualcomm] and [CEWiT] report that, chip duration of the data payload in the PRDCH indicated by the corresponding L1 R2D control information, have the following benefits:
· Sources [Futurewei], [vivo], [CMCC], [NEC], [CTC], [Xiaomi], [LGE], [ZTE], [Panasonic], [Docomo] and [CEWiT] state that chip duration indication through L1 control information provides better flexibility to meet diverse reliability and data rate needs. [ZTE] further states that it better coordinates with TB size, repetition rate, and code rate for improved link adaptation; [Futurewei] states that it allows tailoring data rates for specific devices and can improve efficiency;
· Source [vivo] state that with better coverage for L1 control part using longer chip length, unnecessary data reception can be avoided due to more robust L1 control; 
· Sources [Apple] and [Ericsson] state that this option provides flexibility to adapt to different coverage conditions or message types, with [Ericsson] states this option provides benefits for PRDCH like Msg2 and Msg4.

Agreement
Following update is applied to the agreement made at RAN1#122bis.
	Agreement
For R2D signals, study the necessity for the functionality of SFO calibration, and study the feasibility of the following options: 
· Option 1: Reuse CAP and/or Manchester encoding
· Option 2: sequence-based SIP with or without R2D midamble(s)
· Option 3: using the CFO calibration signal




Capture following observations for sequence length for binary sequence based R2D SIP in the TR 38.769, that
For sequence length for binary sequence based R2D SIP
· Source [vivo] report that
· At least 31 OFDM symbols needed for R2D SIP, assuming 38 dBm Tx power and 20 dB penetration.
· At least 127 OFDM symbols needed for R2D SIP, assuming 33 dBm Tx power and 20 dB penetration.
· Source [Huawei] report that
· 256, 64 and 16-length Golay sequence-based SIP can achieve an SNR performance of 4.0 dB, 8.2 dB and 12.0 dB, respectively, with the MDR ≤ 1% and FAR ≤ 1%.
· Source [Apple] report that
· Consider m-sequence based SIP with length 15 or 31 to improve detection performance while maintaining reasonable overhead
· Source [Qualcomm] report that SIP duration with at least 7 OFDM symbols by using 15-length without Manchester coding or 31-length with Manchester coding may be needed to achieve required SINR for PRDCH.
· Source [NEC] report that single length and single sequence is beneficial for lower complexity and power consumption.
· Source [ZTE] report that the Release 19 SIP sequence with a length of 8 can achieve a BLER of less than 10% at an SNR of 4 dB, and BLER of less than 1% at an SNR of 10 dB.



Regarding the code rate for FEC: Capture following observations in TR 38.769
For R2D FEC, code rate 1/2, 1/3 and 1/4 are studied, where the candidate schemes for code rate 1/2, 1/3 and 1/4 study include: 
· Code rate R= 1/3 obtained by Rel-19 TBCC polynomial
· Code rate R= 1/2 obtained by Rel-19 TBCC polynomial followed by puncturing 3rd branch 
· Code rate R=1/4 obtained by Rel-19 TBCC polynomial followed by repetition and then puncturing
· Code rate R=1/4 obtained by adding a new polynomial for the fourth branches
Regarding 1/2 and 1/4 code rate in addition to the baseline, the followings are observed: 
· For Code rate R=1/2, Sources [vivo][NOKIA][NEC][CATT] and [Apple] report R=1/2 can be supported. 
· Source [vivo] reports, 1/2 code rate can improve spectrum efficiency and reduce power consumption for decoding. 
· Source [Huawei] states that, the necessity of supporting other code rates apart from 1/3 for TBCC, which was supported in D2R for Rel-19, is not clear, because a 1/2 code rate performs worse than a 1/3 code rate
· Source [CATT] states that ,1/2 coding rate is preferable for TBCC, as it reduces device power consumption while achieving the same spectral efficiency as the Manchester coding in Rel-19 R2D
· Sources [Apple] and [NEC] state that, 1/2 and 1/3 coding rate as baseline 
· Source [ZTE] reports, 1/2 code rate has better performance than 2 repetition 
· Code rate R=1/4 obtained by adding a new polynomial for the fourth branches
· Source [Apple] states that, 1/4 coding rate can be considered for extreme coverage scenarios.
· Source [Qualcomm] states that, 1/4 coding rate can further improve the performance than that of 1/3 coding rate. The extra polynomial [133 171 165 137], nested to the existing LTE CC (K=7 and R=1/3), is used
· Source [vivo] states that, 1/4 mother code rate increases power consumption and larger buffer for decoding, and it requires large standard effort to determine new polynomial for the 4th branch. The coverage enhancement can also be achieved by 1/3 mother code rate with block-level repetition.
· Source [Futurewei] states that, the performance difference between r=1/3 and r=1/4 is about 1.25 dB.
· Source [NOKIA] states that, 1/4 code rate should be deprioritized since it increases complexity. 
· Source [ZTE] states that, 1/4 coding rate can further improve the performance than that of 1/3 coding rate. The extra polynomial [133, 171, 165, 123] can be considered.
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R1-2509102	On R2D design details for device 2b/C	Apple
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10.3.2.2 D2R signals, channels, waveform and procedures
Including necessary and feasible change to D2R waveform and modulation, FEC, CRC and repetition, bandwidth, timing and Sync signals, multiplexing/multiple access, and scheduling.

R1-2509463	RAN1#123 FL Summary #1 for 10.3.2.2. D2R signals, channels, waveform and procedures	Moderator (Qualcomm)

R1-2509464	RAN1#123 FL Summary #2 for 10.3.2.2. D2R Signals, channels, waveform and procedures	Moderator (Qualcomm)

Agreement
Rel-19 SFS is not necessary in Rel-20 A-IoT D2R.

Agreement
Regarding D2R modulation schemes, capture following observations based on the table as a starting point.
· Companies are encouraged to report their analysis/observation with assumptions on each modulation/aspect in the table.
· RAN1 does not need to reach consensus on particular value for the observation.
	
	BPSK
	OOK
	DBPSK
	MSK

	Sensitivity 
to CFO
	[Qualitative observation based on analysis on other aspects]
	[Qualitative observation based on analysis on other aspects]
	[Qualitative observation based on analysis on other aspects]
	[Qualitative observation based on analysis on other aspects]

	Required SNR Performance
	Required SNR = [X-Y]dB @ 10% BLER
Required SNR = [X]dB @ 1% BLER
	Required SNR = [X-Y]dB @ 10% BLER
Required SNR = [X]dB @ 1% BLER
Theoretical BER performance is 6 dB worse than BPSK

	Required SNR = [X-Y]dB @ 10% BLER
Required SNR = [X]dB @ 1% BLER
Theoretical BER performance is 3 dB worse than BPSK

	Required SNR = [X-Y]dB @ 10% BLER
Required SNR = [X]dB @ 1% BLER


	Receiver detection type
	Coherent only
	Non-coherent
	Non-coherent
	Coherent/non-coherent

	Overhead
	[X-Y]%
(Note 1)
	[X-Y]%
(Note 1)
	[X-Y]%
(Note 1)
	[X-Y]%
(Note 1)

	Spectrum 
	[Observation in terms of pulse shaping and/or guard band]
	[Observation in terms of pulse shaping and/or guard band]
	[Observation in terms of pulse shaping and/or guard band]
	[Observation in terms of pulse shaping and/or guard band]

	Transmitter complexity
	Medium complexity. [Differential LO.]

	Lower complexity
	Medium complexity
[Differential encoding.
Differential LO]
	Higher transmitter complexity (modulation index, rapid frequency shift or IQ branches needed)

	Receiver complexity
	Higher CFO estimation / compensation  complexity (e.g., large # of hypothesis needed). 
Supporting coherent detection is not so complex for reader.
	Lower complexity for non-coherent detection.

	Medium complexity for CFO estimation / non-coherent detection.
Phase estimation is still required for differential detection.
	Accurate CFO estimation / compensation required for coherent detection increasing receiver complexity
e.g., large # of hypothesis needed

	Note 1: X-amble overhead is computed for (96+16)bits payload





R1-2509465	RAN1#123 FL Summary #3 for 10.3.2.2. D2R Signals, channels, waveform and procedures	Moderator (Qualcomm)

Agreement
For the study of 1SB/2SB without small frequency shift (SFS), consider two options and capture following observations.
· Option 1) 1SB
· [HW]1SB signal has only one side band, i.e., lower side band or upper side band, on either side of center frequency.
· [Xiaomi] [HW][vivo] described 1SB signal generation methods based on phase shift, i.e., Hilbert transform of 2SB baseband signal and filtering of one side band signal from 2SB signal.
· [vivo] [HW] [ZTE] reported that filtering method could be challenging since two sides are adjacent to each other and it is hard to realize filter with steep roll off.
· [ZTE] [HW] reported that phase shift method could be challenging because it requires a precise 90-degree phase-shift network, which is non-ideal and highly sensitive to circuit matching and stability.
· [QC] [Samsung] reported that Tx LO re-tuning to different frequency points may require additional LO retuning/stabilization time and/or power, especially when frequent change is needed.
· [ZTE] reported that BLER performance is more sensitive to phase errors and frequency offset.
· Option 2) 2SB
· [HW] 2SB signal has two sidebands, i.e., lower sideband and upper sideband, on either side of center frequency.
· [QC] [ZTE] [vivo] [CATT] [DCM] [Xiaomi] pointed out that the transmission signal bandwidth of 2SB signal is two times that for 1SB signal in transmitting the same number of bits; 2SB has lower spectral efficiency than 1SB.
· [ZTE] reported that 2SB modulation is more tolerant to phase error and CFO, offering relatively more robust demodulation performance, due to its symmetric spectrum structure.
· [QC] [Samsung] reported that Tx LO re-tuning to different frequency points may require additional LO retuning/stabilization time and/or power, especially when frequent change is needed.
Following figure is provided to help the understanding of the two options.
[image: A diagram of a signal

AI-generated content may be incorrect.]


Agreement
Regarding D2R preamble for PDRCH, preamble supports at least following functionality.
· D2R timing acquisition
· FFS: D2R SFO estimation
· D2R CFO estimation considering modulation schemes
· Companies can report assumed reader CFO estimation/compensation mechanism(s) and its feasibility especially in relation to detection method of modulation schemes.

Agreement
Regarding D2R preamble for PDRCH, study at least one part structure.
· Note: other structure is not precluded.

Agreement
Regarding D2R preamble for PDRCH, at least following preamble sequence types are considered.
· M-sequence
· Gold sequence

Agreement
Regarding D2R preamble for PDRCH, following aspects are considered for preamble sequence length.
· Additional longer preamble length than Rel-19
· Multiple length values considering dependency of required length on modulation schemes, coverage level, etc

Agreement
Regarding D2R preamble for PDRCH, sequence differentiation is considered considering
· Differentiation across e.g., multiple readers, devices, etc.
· 3 or more sequences

Agreement
Regarding D2R midamble for PDRCH, midamble supports at least one or more of following functionalities.
· Channel estimation
· Time tracking
· FFS: SFO estimation
· CFO estimation
· Companies can report assumed reader CFO estimation/compensation mechanism(s) and its feasibility especially in relation to detection method of modulation schemes.
· FFS: Interference estimation


R1-2509466	RAN1#123 FL Summary #4 for 10.3.2.2. D2R Signals, channels, waveform and procedures	Moderator (Qualcomm)

R1-2509467	RAN1#123 FL Summary Final for 10.3.2.2. D2R Signals, channels, waveform and procedures	Moderator (Qualcomm)

R1-2508331	Discussion on D2R Air Interface for Device 2b/C	FUTUREWEI
R1-2508349	Discussion on D2R transmissions for active ambient IoT	TCL
R1-2508381	Discussion on D2R signals, channels, waveform and procedures for Ambient IoT	Spreadtrum, UNISOC
R1-2508425	Discussion on D2R Aspects for R20 AIoT	vivo
R1-2508440	AIoT D2R signals, channels, waveform and procedures	Nokia
R1-2508449	Discussion on D2R signals, channels, waveform and procedures	CMCC
R1-2508501	Study on D2R signals, channels, waveform and procedures	Huawei, HiSilicon
R1-2508513	D2R signals, channels, waveform, and procedures	Ericsson
R1-2508544	Study on D2R signals, channels, waveform and procedures	NEC
R1-2508590	Study of D2R signals, channels, and waveform and procedure of A-IoT enhancement for device 2b/C		CATT
R1-2508605	Discussion on D2R procedures for Ambient IoT	China Telecom
R1-2508677	Discussion on D2R signals, channels, waveform and procedures for Device 2b/C	Xiaomi
R1-2508720	Discussion on Rel-20 A-IoT D2R for Device 2b/C	OPPO
R1-2508795	Study on D2R aspects of air interface for Device 2b/C	Samsung
R1-2508819	Discussion on D2R design for active Ambient IoT device	ZTE Corporation, Sanechips
R1-2508835	Discussion on D2R transmission	Transsion Holdings
R1-2508901	D2R air interface for Device 2b/C	LG Electronics
R1-2508915	Discussion on A-IoT Air Interface for D2R	Panasonic
R1-2508958	Discussion on D2R for R20 Ambient IoT	Lenovo
R1-2509103	On D2R design details for device 2b/C	Apple
R1-2509121	D2R Design for Active Devices in Ambient IoT	InterDigital, Inc.
R1-2509175	Discussion on D2R signals, channels, waveform and procedures	Sharp
R1-2509189	Discussion on D2R multiplexing/multiple access for A-IoT active device	ASUSTeK
R1-2509224	Study of D2R designs for Device 2b/C	Qualcomm Incorporated
R1-2509273	Study on D2R design and procedures for Ambient IoT outdoor for active device	NTT DOCOMO, INC.
R1-2509330	Discussion on D2R signals, channels, waveform and procedures	IIT Kanpur
R1-2509344	Discussion on D2R signals, channels, waveform and procedures for Ambient IoT	CEWiT
R1-2509423	D2R signals, waveforms and procedures for Ambient IoT outdoor devices	Sony

10.3.2.3 Other procedures 
Including necessary and feasible change to other procedures such as for initial frequency acquisition and broadcast information acquisition, random access, DO-A, and power control. 

R1-2508903	FL summary #1 for 10.3.2.3 “Other procedures for Device 2b/C”	Moderator (LG Electronics)

Agreement
Initial frequency acquisition procedure is necessary for Device 2b and for Device C, at least for flexible deployment of A-IoT frequency location(s) for outdoor scenario.

Agreement
Reader identification/differentiation is necessary for Device 2b and for Device C, at least in outdoor scenario to differentiate R2D among different readers.

Direction
Try to clarify first two columns for each option
	First D2R transmission for DO-A
	Recommended scenarios (event-triggered or periodic)
	Subsequent procedures after the first D2R transmission
	Observations

	Option 1
Msg1-like content
	· To be clarified
	· To be clarified
	· 

	Option 2
DO-A data payload
	· To be clarified
	· To be clarified
	· 

	Option 3
DO-A scheduling request
	· To be clarified
	· To be clarified
	· 




R1-2508904	FL summary #2 for 10.3.2.3 “Other procedures for Device 2b/C”	Moderator (LG Electronics)

R1-2508905	FL summary #3 for 10.3.2.3 “Other procedures for Device 2b/C”	Moderator (LG Electronics)

Agreement
For initial frequency acquisition for Device 2b and for Device C, a device is expected to determine a frequency point from predefined sync raster points for reception of the periodic synchronization signal.
· Details on the sync raster design is handled by RAN4.





R1-2508906	FL summary #4 for 10.3.2.3 “Other procedures for Device 2b/C”	Moderator (LG Electronics)

R1-2508907	FL summary #5 for 10.3.2.3 “Other procedures for Device 2b/C”	Moderator (LG Electronics)

R1-2508332	Discussion on Other Air Interface Procedures	FUTUREWEI
R1-2508382	Discussion on other procedure for Ambient IoT	Spreadtrum, UNISOC
R1-2508426	Discussion on Other Procedures for R20 AIoT	vivo
R1-2508441	Other procedures for AIoT	Nokia
R1-2508450	Discussion on other procedures	CMCC
R1-2508502	Study on other procedures	Huawei, HiSilicon
R1-2508514	Other procedures of A-IoT	Ericsson
R1-2508545	Study on other procedures for Device 2b and C	NEC
R1-2508591	Study of general procedures of A-IoT enhancement for device 2b/C	CATT
R1-2508606	Discussion on other procedures for Ambient IoT	China Telecom
R1-2508678	Discussion on other procedures for Device 2b/C	Xiaomi
R1-2508721	Discussion on other procedures for Rel-20 A-IoT	OPPO
R1-2508759	Study AIoT air interface for DO-A traffic	Tejas Network Limited
R1-2508796	Study on other procedures of air interface for Device 2b/C	Samsung
R1-2508820	Discussion on other procedures for active Ambient IoT device	ZTE Corporation, Sanechips
R1-2508836	Discussion on other aspects of Device 2b_C	Transsion Holdings
R1-2508860	Discussion on A-IoT other procedures	Panasonic
R1-2508902	Other procedures for Device 2b/C	LG Electronics
R1-2508959	Discussion on other procedures for R20 Ambient IoT	Lenovo
R1-2509041	Procedures for Air Interface of Devices 2b/C	ROBERT BOSCH GmbH
R1-2509104	On other procedures for device 2b/C	Apple
R1-2509122	Other Procedures for Active Devices in Ambient IoT	InterDigital, Inc.
R1-2509123	Considerations for A-IoT other procedures	Semtech Neuchatel SA
R1-2509155	Other procedures for Ambient IoT	MediaTek Inc.
R1-2509176	Discussion on other procedures	Sharp
R1-2509190	Discussion on procedures for A-IoT active device	ASUSTeK
R1-2509195	 Discussion on other procedures for Device 2b/C 	Quectel
R1-2509225	Study of other procedures for Device 2b/C	Qualcomm Incorporated
R1-2509274	Study on other procedures for Ambient IoT outdoor for active device	NTT DOCOMO, INC.
R1-2509324	Discussion on other procedures for Ambient IoT	TCL
R1-2509332	Discussion on other aspects of Rel-20 AIoT	IIT Kanpur
R1-2509345	Discussion on other procedures for Ambient IoT	CEWiT
R1-2509424	System information and DO-A aspects for Ambient IoT outdoor devices	Sony
R1-2509432	Discussion on other procedures for Device 2b/C	KT Corp.
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