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9.3 Study of Enhancements for solutions for Ambient IoT (Internet of Things) in NR outdoor for active devices
Please refer to RP-253394 for detailed scope of the SI.

[124-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

R1-2601507	Session Notes of AI 9.3	Ad-Hoc Chair (NTT DOCOMO, INC.)

R1-2600543	TP for Conclusions for Outdoor scenarios in TR 38.769	LG Electronics

9.3.1 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. 

R1-2600465	Ambient IoT evaluation results spreadsheet for TR38.769	Moderator (Huawei)
R1-2600466	Summary of Ambient IoT evaluation results for TR38.769	Moderator (Huawei)

R1-2600462	FL summary #1 for Ambient IoT: “9.3.1 Evaluations”	Moderator (Huawei)

Agreement: 
For Rel-20 study, adopt the updated TP in Moderator’s evaluation summary attached in R1-2600466 into TR38.769

Agreement: 
In addition to energy harvesting/storage assumptions used to obtain the reported data rates from companies are provided and agreed in RAN1#123, the followings (highlighted in red) are further provided during the Rel-20 study,
	Source
	Energy harvesting/storage assumptions

	Source [NEC]
	Energy source:
Solar energy

Energy storage capacity:
10~100µF with voltage of 3V
· For device 2b, 10~100µF with voltage of 3V, i.e., 30~300uJ;
· For device C, 0.5~5mF with voltage of 3V, i.e., 1.5~15mJ;

Reported data rate:
1 kbps or 5 – 7 kbps

Other information:
Device 2b and Device C harvest energy at similar rate.

	Source [FUTUREWEI]
	Energy sources:
Solar, thermal, vibration etc.

Energy storage capacity:
For device 2b with 500uW peak power consumption:
0.5 milli-joules or 500 F using 2V power supply
· Low rate: 0.1kbps: ~5000 J /~5000 F
· Middle rate: 1kbps: ~500 J /~500 F
· High rate: 5kbps: ~100 J /~100 F

For device C with 10mW peak power consumption:
10 milli-joules or 10000 F using 2V power supply
· Low rate: 0.1kbps: ~100 mJ /~100 mF
· Middle rate: 1kbps: ~10mJ /~10 mF
· High rate: 5kbps: ~1 mJ /~1000 F

Reported data rate:
0.1kbps, 1kbps, 5kbps

Other information:
It is observed that using RF energy harvesting is challenging as the energy source for Device 2b based on the following description.

Typical leakage current for 500 F capacitors is at least higher than 3 A. With a supply voltage of 2 volts, the leakage current translates to ~ -22.2 dBm leakage power. Using RF harvesting is challenging in this case.

For the maximum message size, 1000 bits is assumed for single PRDCH/PDRCH transmission.
The rated voltage is 2V and min voltage is 1.4V (70% of the rated voltage).
It should be noted that the reported capacity is for single PRDCH/PDRCH transmission. To sustain whole procedure of DT, DO-DTT, DO-A, larger capacity is required.

	Source [CATT]
	Energy source:
Solar

Energy storage capacity:
~100mF

Reported data rate:
0.1kbps, 1kbps, 5~7kbps, 48~60kbps

Other information:
Assumptions of power consumption:
100uW and 1mW for R2D reception
200uW and 5mW for D2R transmission 

	Source [Samsung]
	Energy source:
Solar

Energy storage capacity:
>10μJ5μJ for device 2b, 100μJ30μJ for device C

Reported data rate:
5.3 kbps for DL 20 bits, 6.7 kbps for UL 20 bits, 7.2 kbps for DL 96 bits, 8.4 kbps for UL 96 bits; with an average of 40% charging time

	Source [Ericsson]
	Energy source:
RF signal/ Solar

Energy storage capacity:
Device 2b: 10s µF to a few 100 µF 
Device C: a few mF


Reported data rates: 
1kbps, 7kbps, and 50 kbps

Other information:
For device 2b: with tx power of -10dBm we considered the power consumption of  400 µW, to transmit 400 bits with the data rate of 1 kbps, the needed storage capacity is around 140 µF.

For device C:  with tx power of 5dBm we considered the power consumption of  12.6 mW, to transmit 400 bits with the data rate of 1 kbps, the needed storage capacity is around 4.5 mF.





R1-2600463	FL summary #2 for Ambient IoT: “9.3.1 Evaluations”	Moderator (Huawei)

Agreement:
For Rel-20 study, adopt the following TPs into section 7.3 of TR38.769
	------ Start of TP------
RAN1 has evaluated the coverage for Device 2b and Device C respectively. Evaluation results from companies in terms of different achievable cell edge data rate and achievable maximum distance under different scenarios, penetration margins and Tx power have been observed for R2D and D2R in the tables of following sub-sections.

For R2D coverage, based on evaluation results, the achievable cell edge data rate and achievable maximum distance are observed at least for the following scenarios
· For cell edge data rate around 1 kbps, 
· For UMa NLOS pathloss model, penetration margin 0 dB
· Device 2b: the achievable maximum distance is at least 500 meters at BLER 10% when BS Tx power is from 33dBm to 43dBm and at BLER 1% when BS Tx power is from 38dBm to 43dBm. The achievable maximum distance can be smaller or larger than 500 meters at BLER 1% (about 370~1800 meters) when BS Tx power is 33dBm
· Device C: the achievable maximum distance is at least 500 meters at BLER 10% and 1% when BS Tx power is from 33dBm to 43dBm
· For UMa NLOS pathloss model, penetration margin 20 dB
· Device 2b: the achievable maximum distance can be smaller or larger than 500 meters at BLER 10% (about 190~1340 meters) and at BLER 1% (about 110~1000 meters) when BS Tx power is from 33dBm to 43dBm
· Device C: the achievable maximum distance is at least 500 meters at BLER 10% and 1% when BS Tx power is from 33dBm to 43dBm
· For cell edge data rate around 5~7 kbps, 
· For UMa NLOS pathloss model, penetration margin 0 dB
· Device 2b: the achievable maximum distance is at least 500 meters at BLER 10% when BS Tx power is from 38dBm to 43dBm and at BLER 1% when BS Tx power is 43dBm. The achievable maximum distance can be smaller or larger than 500 meters at BLER 10% (about 480~2300 meters) when BS Tx power is 33dBm and at BLER 1% (about 210~1700 meters) when BS Tx power is from 33dBm to 38dBm
· Device C: the achievable maximum distance is at least 500 meters at BLER 10% when BS Tx power is from 33dBm to 43dBm and at BLER 1% when BS Tx power is from 38dBm to 43dBm. The achievable maximum distance can be smaller or larger than 500 meters at BLER 1% (about 430~1500 meters) when BS Tx power is 33dBm
· For UMa NLOS pathloss model, penetration margin 20 dB
· Device 2b: the achievable maximum distance can be smaller or larger than 500 meters at BLER 10% (about 150~1280 meters) and at BLER 1% (about 70~710 meters) when BS Tx power is from 33dBm to 43dBm
· Device C: the achievable maximum distance is at least 500 meters at BLER 10% when BS Tx power is 43dBm. The achievable maximum distance can be smaller or larger than 500 meters at BLER 10% (about 280~1070 meters) when BS Tx power is from 33dBm to 38dBm and at BLER 1% (about 130~810 meters) when BS Tx power is from 33dBm to 43dBm

For D2R coverage, based on evaluation results, the achievable cell edge data rate and achievable maximum distance are observed at least for the following scenarios
· For cell edge data rate around 0.1 kbps, 
· For UMa NLOS pathloss model, penetration margin 0 dB
· Device 2b: the achievable maximum distance is smaller than 500 meters at BLER 10% (about 80~370 meters) and BLER 1% (about 40~300 meters) when device Tx power is -20dBm. The achievable maximum distance can be smaller or larger than 500 meters at BLER 10% (about 150~660 meters) and at BLER 1% (about 80~540 meters) when device Tx power is -10dBm
· Device C: the achievable maximum distance is at least 500 meters at BLER 10% and 1% when device Tx power is from -3dBm to 5dBm
· For UMa NLOS pathloss model, penetration margin 20 dB
· Device 2b: the achievable maximum distance is smaller than 500 meters at BLER 10% (about 20~200 meters) and at BLER 1% (10~160 meters) when device Tx power is from -20dBm to -10dBm
· Device C: the achievable maximum distance is at least 500 meters at BLER 10% when device Tx power is 5dBm. The achievable maximum distance can be smaller or larger than 500 meters at BLER 10% (about 320~680 meters) when device Tx power is from -3dBm to 0dBm and at BLER 1% (about 260~730 meters) when device Tx power is from -3dBm to 5dBm
· For cell edge data rate around 1 kbps, 
· For UMa NLOS pathloss model, penetration margin 0 dB
· Device 2b: the achievable maximum distance can be smaller or larger than 500 meters at BLER 10% (about 110~810 meters) and at BLER 1% (about 50~600 meters) when device Tx power is -10dBm. The achievable maximum distance is smaller than 500 meters at BLER 10% (about 60~450 meters) and BLER 1% (about 30~230 meters) when device Tx power is -20dBm.
· Device C: the achievable maximum distance is at least 500 meters at BLER 10% when device Tx power is from 0dBm to 5dBm and at BLER 1% when device Tx power is 5dBm. The achievable maximum distance can be smaller or larger than 500 meters at BLER 10% (about 460~1230 meters) when device Tx power is -3dBm and at BLER 1% (about 310~1090 meters) when device Tx power is from -3dBm to 0dBm
· For UMa NLOS pathloss model, penetration margin 20 dB
· Device 2b: the achievable maximum distance is smaller than 500 meters at BLER 10% (about 20~250 meters) and at BLER 1% (about 10~180 meters) when device Tx power is from -20dBm to -10dBm
· Device C: the achievable maximum distance can be smaller or larger than 500 meters at BLER 10% (about 230~600 meters) when device Tx power is 5dBm. The achievable maximum distance is smaller than 500 meters at BLER 10% (about 140~450 meters) when device Tx power is from -3dBm to 0dBm and at BLER 1% (about 100~450 meters) when device Tx power is from -3dBm to 5dBm.
· For cell edge data rate around 5~7 kbps, 
· For UMa NLOS pathloss model, penetration margin 0 dB
· Device 2b: the achievable maximum distance can be smaller or larger than 500 meters at BLER 10% (about 100~680 meters) when device Tx power is -10dBm. The achievable maximum distance is smaller than 500 meters at BLER 10% (about 60~270 meters) when device Tx power is -20dBm and at BLER 1% (about 40~390 meters) when device Tx power is from -20dBm to -10dBm
· Device C: the achievable maximum distance can be smaller or larger than 500 meters at BLER 10% (about 300~1220 meters) and at BLER 1% (about 240~960 meters) when device Tx power is from -3dBm to 5dBm
· For UMa NLOS pathloss model, penetration margin 20 dB
· Device 2b: the achievable maximum distance is smaller than 500 meters at BLER 10% (about 20~150 meters) and at BLER 1% (10~120 meters) when device Tx power is from -20dBm to -10dBm
· Device C: the achievable maximum distance is smaller than 500 meters at BLER 10% (about 90~380 meters) and at BLER 1% (70~300 meters) when device Tx power is from -3dBm to 5dBm
------ End of TP ------




Agreement:
For Rel-20 study, RAN1 has identified the followings
· Device C achieves better coverage than Device 2b for both R2D and D2R
· Device 2b is applicable to outdoor scenarios for short distance e.g. 50-200m
· Device C is applicable to outdoor scenarios for both short and large distance e.g. 50-500m
· Note: Necessity of Device 2b and C in terms of aspects other than coverage is up to RAN decision


R1-2600464	FL summary #3 for Ambient IoT: “9.3.1 Evaluations”	Moderator (Huawei)

Agreement:
· RAN1 observes 5 dBm as the maximum transmit power for Device C to achieve maximum coverage in outdoor scenarios.
· Values between -3dBm and 5dBm are feasible to achieve different coverage.
· This does not preclude RAN to select any value(s) between -3 dBm and 5 dBm as maximum transmit power for Device C.


R1-2600068	Evaluations for R20 A-IoT	FUTUREWEI
R1-2600087	Evaluation for active A-IoT device in outdoor scenario	Huawei, HiSilicon
R1-2600100	Evaluations for outdoor Ambient IoT	Spreadtrum, UNISOC
R1-2600178	Discussion on EVM for Rel-20 A-IoT	OPPO
R1-2600209	Discussion on Rel-20 A-IoT evaluation assumptions and results	Ericsson
R1-2600326	Evaluation methodology for A-IoT outdoor deployment scenarios	CATT
R1-2600367	Evaluation for Rel-20 AIoT	Nokia
R1-2600377	Discussion on evaluation results	CMCC
R1-2600416	Discussion on evaluation methodology for Ambient IoT in NR outdoor for active devices	Xiaomi
R1-2600450	Discussion on evaluation for active Ambient IoT device	ZTE Corporation, Sanechips
R1-2600485	Evaluation on Coverage for R20 AIoT	vivo
R1-2600544	Evaluations for Rel-20 Ambient IoT SI	LG Electronics
R1-2600658	Evaluations for Ambient IoT	NEC
R1-2600742	Evaluations for Rel-20 Ambient IoT	Samsung
R1-2601073	Evaluations for Active AIoT Devices	InterDigital, Inc.
R1-2601166	Study on evaluations for Ambient IoT outdoor for active device	NTT DOCOMO, INC.
R1-2601259	Evaluations for Ambient IoT in NR outdoor for active devices	Qualcomm Incorporated
R1-2601445	Evaluation for Rel-20 AIoT	IIT Kanpur

9.3.2 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.
9.3.2.1 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

R1-2600487	FL summary #1 on AI 9.3.2.1 R2D Aspects for R20 AIoT	Moderator (vivo)

Agreement:
Regarding Necessity of R2D Block level repetition, Capture following in TR38.769.
---
[Positive views]
Sources [Futurewei], [Huawei], [CMCC], [ZTE], [OPPO], [vivo], [NEC], [Panasonic], [Apple], [Qualcomm], [InterDigital], [TCL], [Quectel], [Sequans], and [IITK] report that it is necessary or beneficial to support repetition for outdoor scenario.
· Source [Huawei] provides evaluation results shows that, it is necessary to support R2D enhancements including block repetitions to ensure R2D transmissions with high reliability, facilitate early termination, and usability for outdoor scenarios considering co-site deployment.
· With M = 1, 1/3 TBCC, sub-block interleaver and LTE bit collection, it can achieve 334.7m - 431.3m for the target BLER 1% with the case of TX power 33dBm and 20 dB penetration loss, which shows significant gain for larger TBS transmissions, but still requires further enhancement for outdoor co-site deployment.
· With M = 1, 1/3 TBCC and LTE bit collection & sub-block interleaver, block repetition number 2, it can achieve 439.0m - 589.3m for the target BLER 1% with the case of TX power 33dBm and 20 dB penetration loss, which can approximately satisfy the outdoor co-site deployment requirement.
· Source [vivo] provides evaluation results shows that R2D Block level repetition is necessary to achieve desirable coverage
· For UMa scenario, to achieve 500-meter coverage, repetition is necessary for the following cases:
· The coverage is 513.36m with 3 repetitions, while coverage is 373.46m without repetition, for {96bit payload size, 43dBm Tx power}
· The coverage is 616.24m with 3 repetitions, while coverage is 276.53m without repetition, for {400bit payload size, 43dBm Tx power}
· For UMa scenario, to achieve 334-meter coverage, repetition is necessary for the following cases:
· The coverage is 382.37m with 3 repetitions, while coverage is 278.17m without repetition, for {96bit payload size, 38dBm Tx power}
· The coverage is 458.99m with 3 repetitions, while coverage is 205.97m without repetition, for {400bit payload size, 38dBm Tx power}
· The coverage is 341.87m with 3 repetitions, while coverage is 153.41m without repetition, for {400bit payload size, 33dBm Tx power}
· For RMa scenario, to achieve 1154-meter coverage, repetition is necessary for the following cases:
· The coverage is 1205.07m with 6 repetitions, while coverage is 472.75m without repetition, for {400bit payload size, 43dBm Tx power}
· For RMa scenario, to achieve 500-meter coverage, repetition is necessary for the following cases:
· The coverage is 934.3m with 3 repetitions, while coverage is 472.75m without repetition, for {400bit payload size, 43dBm Tx power}
· The coverage is 595.03m with 3 repetitions, while coverage is 475.57m without repetition, for {96bit payload size, 38dBm Tx power}
· The coverage is 693.53m with 3 repetitions, while coverage is 350.92m without repetition, for {400bit payload size, 38dBm Tx power}
· The coverage is 514.81m with 3 repetitions, while coverage is 260.49m without repetition, for {400bit payload size, 33dBm Tx power}
· Source [ZTE] provide evaluation results shows that 2 times repetition provides 2-3 dB performance gain @BLER = 0.1 compared with baseline. 3 times repetition provides 2-4 dB performance gain @BLER = 0.1 compared with baseline.
· The candidate values of the repetition number can be [1, 2, 4, 8] if FEC is supported for PRDCH, and [1, 2, 4, 6, 8, 12, 16, 32] is recommended if FEC is not supported for PRDCH.
· Source [CMCC] provide evaluation results shows that, with 1/3 CC but without repetition, coverage of Device 2b degrades significantly when a practical 20dB penetration loss is considered, resulting in coverage distances of 712m (UMa) and 1231m (RMa), which do not provide a sufficient reliability margin.
· Source [Futuerwei] states that, for the R2D link, block repetition will complement convolutional coding.
· Source [OPPO] states that Block-level repetition(s) offers a straightforward mechanism to improve coverage without introducing substantial processing overhead, and it should be considered for R2D transmission at least for small TBS.
· Source [Panasonic] states Block level repetition would be applied for data of any size although more benefit for small TBS.
· Source [Apple] states that Block-level repetition provides additional coverage enhancement beyond FEC alone through time diversity and energy accumulation at the receiver.
· Source [Qualcomm] states that, it is necessary to use block-level repetitions to improve the interference robustness.
· Source [TCL] states that, R2D Block level repetition can be considered together with FEC encoding to further increase the performance.
· Source [Sequans] states that block level repetitions offers gains via non-coherent combining at the reader and provides time/frequency diversitywhile keeping device complexity and occupancy low, and low (e.g., <=4) number of repetitions can be supported.
· Source [IITK] States that Block-level repetition provides the highest diversity gain for R2D by enabling combining of multiple repetitions, and remains feasible for Device 2b/C despite increased memory and latency requirements.

[Neutral views]
Source [Nokia] states that, it may be beneficial for extending R2D coverage, but the necessity depends also on how R2D coverage compares with D2R coverage.
Source [Samsung] states that, the necessity of R2D repetition depends on whether evaluation results can satisfy the coverage requirements.

[Negative views]
Source [Spreadtrum], [Ericsson] and [Xiaomi] state that R2D Block level repetition is not necessary, and the distance target can be fulfilled without repetition.
---


Agreement:
Regarding Necessity of R2D FEC, Capture following in TR38.769.
---
[Positive views]
Sources [FUTUREWEI], [Huawei], [CATT], [CMCC], [ZTE], [vivo], [NEC], [Apple], [InterDigital], [Qualcomm], [TCL], [Sequans], [Panasonic], [NTT DOCOMO] and [Quectel] report that it is feasible and necessary to support R2D FEC for outdoor scenario.
· Source [Huawei] provides evaluation results shows that, it is necessary to support R2D enhancements including FEC to ensure R2D transmissions with high reliability, facilitate early termination, and usability for outdoor scenarios considering co-site deployment.
· With M = 1 and no FEC, interleaving or repetitions, it can only achieve 124.4m - 267.6m for the target BLER 1% with the case of TX power 33dBm and 20 dB penetration loss, which is not sufficient for outdoor scenarios with co-site deployment.
· Introducing FEC, specifically TBCC, provide ~4 dB performance gain for Rel-20 R2D transmissions, which is necessary for outdoor scenarios and beneficial for coverage enhancement.
· Source [vivo] provides evaluation results shows that R2D FEC is necessary to achieve desirable coverage, compared with cases without FEC and without R2D repetition.
· For UMa scenario, to achieve 500-meter coverage, FEC is necessary for the following cases:
· The coverage is 591.34m with 1/3 FEC, while coverage is 373.46m without FEC, for {96bit payload size, 43dBm Tx power}.
· The coverage is 705.67m with 1/3 FEC, while coverage is 276.53m without FEC, for {400bit payload size, 43dBm Tx power}.
· The coverage is 525.6m with 1/3 FEC, while coverage is 205.97m without FEC, for {400bit payload size, 38dBm Tx power}.
· For UMa scenario, to achieve 334-meter coverage, FEC is necessary for the following cases:
· The coverage is 440.45m with 1/3 FEC, while coverage is 278.17m without FEC, for {96bit payload size, 38dBm Tx power}
· The coverage is 391.49m with 1/3 FEC, while coverage is 153.41m without FEC, for {400bit payload size, 33dBm Tx power}
· For RMa scenario, to achieve 500-meter coverage, FEC is necessary for the following cases:
· The coverage is 984.03m with 1/3 FEC, while coverage is 472.75m without FEC, for {400bit payload size, 43dBm Tx power}.
· The coverage is 652.24m with 1/3 FEC, while coverage is 475.57m without FEC, for {96bit payload size, 38dBm Tx power}.
· The coverage is 730.44m with 1/3 FEC, while coverage is 350.92m without FEC, for {400bit payload size, 38dBm Tx power}.
· The coverage is 542.2m with 1/3 FEC, while coverage is 260.49m without FEC, for {400bit payload size, 33dBm Tx power}.
· Source [vivo] further provides evaluation results shows that R2D FEC is necessary to achieve desirable coverage, compared with cases with R2D repetition and without FEC, under the same data rate.
· For UMa scenario, to achieve 500-meter coverage, both repetition and FEC are necessary for the following cases:
· The coverage is 560.8m with 2 repetitions and 1/3 FEC, while coverage is 489.73m with 6 repetitions only for {96bit payload size, 38dBm Tx power}
· The coverage is 538.14m with 2 repetitions and 1/3FEC while coverage is 445.67m with 6 repetitions only for {400bit payload size, 33dBm Tx power}
· For UMa scenario, to achieve 334-meter coverage, both repetition and FEC are necessary for the following cases:
· The coverage is 347.97m with 2 repetitions and 1/2 FEC while coverage is 307.47m with 4 repetitions only for {96bit payload size, 33dBm Tx power}
· For RMa scenario, to achieve 1154-meter coverage, both repetition and FEC are necessary for the following cases:
· The coverage is 1219.52m with 2 repetitions and 1/2FEC while coverage is 1063.3m with 4 repetitions only for {400bit payload size, 43dBm Tx power}
· For RMa scenario, to achieve 500-meter coverage, both repetition and FEC are necessary for the following cases:
· The coverage is 561.94m with 2 repetitions and 1/2FEC while coverage is 487.05m with 4 repetitions only for {96bit payload size, 33dBm Tx power}
· Source [CATT] provides evaluation results shows that, without LTE interleaving, TBCC codes with coding rate of 1/2 have more than 5dB coding gain over the Manchester code in TDL-C channel with 300ns delay spread, for OOK-4 with M=2, 6, 12 at BLER=10^-1, under the same data rate.
· Source [Futurewei] states that, R2D FEC coding gains from convolutional codes far exceed the gains from repetition,and it is necessary to support any channel coding on the R2D link as errors due to long distance propagation, fading, and low SNR.
· Source [CMCC] states that, to ensure the coverage targets are met under practical conditions and to support larger payloads, the adoption of FEC and repetition becomes beneficial and necessary.
· Source [Docomo] states that, FEC offers additional coding gain and generally outperforms repetition at equivalent data rates, and FEC should be prioritized compared to repetition.
· Source [Apple] states that, FEC based on LTE TBCC is essential for achieving outdoor coverage targets for device 2b/C given the transmission power constraints.
· Source [Qualcomm] states that, it is necessary to use FEC, interleaver to improve the interference robustness.
· Source [OPPO] states that FEC should only be considered if repetition proves insufficient.

[Neutral views]
Source [Nokia] states that, it may be beneficial for extending R2D coverage, but the necessity depends also on how R2D coverage compares with D2R coverage.

[Negative views]
Source [Spreadtrum], [Ericsson], [Xiaomi] and [IITK] state that R2D FEC is not necessary, and the distance target can be fulfilled without FEC.
Source [Samsung] states that, R2D FEC requires decoding at the device side, which may significantly increase device complexity and energy consumption, while it provides limited benefit considering R2D is not bottleneck. 
---


Agreement:
For the time location of the CFO calibration signal, capture following in TR38.769
---
Option 1: In relation to the L1 R2D control information
· For CFO calibration signal preceding L1 R2D control information
[Positive observations]
· Source [CATT] and [LGE] states that R2D CFO calibration signal should be located before the L1 R2D control information to enable frequency offset correction before reception of control and data, enhancing decoding performance.
· Source [LGE] states that option 1 provides benefits for potential R2D FDM operation, as the device can perform R2D processing with reduced residual CFO.
· Source [Panasonic] states that, if the PRDCH / L1 R2D control information is device specific, option 1 could be easier as other devices are not required to determine the TBS comparing with option 2.
· Source [Docomo] states that CFO calibration signal transmitted before L1 R2D control can be applied for CFO calibration for L1 R2D control (if needed), PRDCH (if needed), aperiodic D2R Tx triggered by the R2D, and first X occasions of periodic D2R Tx triggered by the R2D where X depending on periodicity and CFO drift. 
[Negative observations]
· Source [Huawei] states that, it is not necessary to transmit an CFO calibration signal prior to an R2D transmission after the periodic block since the device has already calibrated its LO using the CFO calibration signal transmitted along with the periodic synchronization signal and the MIB-like broadcast information, and can take advantage of the residual CFO and the minimal frequency drift.
· Source [vivo] states that, the start of CFO calibration signal cannot be reliably determined due to time drift if it is located before L1 control information and before SIP. 
· Sourve [vivo] states that, CFO calibration signal immediately preceding L1 control could cause interruption to subsequent control or data payload reception due to calibration/RF switching delay. 
· Source [TCL] states that option 1 may require the device's RF/baseband to have a high-speed frequency offset estimation loop that can be adjusted within a few symbol times, which would be a challenge for AIoT devices.
· Source [vivo] states that, the CFO calibration accuracy is unstable if PRDCH with L1 control transmission is aperiodic.

Option 2: In relation to the data payload of the PRDCH
· For CFO calibration signal preceding data payload of PRDCH
[Positive observations]
· Source [LGE] states that transmitting the CFO calibration signal before PRDCH reception allows the device to update its CFO estimate immediately prior to the R2D transmission, and provides benefits for potential R2D FDM operation, as the device can perform R2D processing with reduced residual CFO, when CFO calibration signal is transmitted before the data payload of the PRDCH.
· Source [Docomo] states that CFO calibration signal transmitted after PRDCH can be applied for CFO calibration for aperiodic D2R Tx triggered by the R2D, and first X occasions of periodic D2R Tx triggered by the R2D where X depending on periodicity and CFO drift.
[Negative observations]
· Source [CATT] states that R2D CFO calibration signal will not be able to apply to the detection of L1 R2D control information prior to time location of CFO calibration signal.
· Source [vivo] states that CFO calibration signal immediately before R2D data payload would cause interruption to the payload reception.

· For CFO calibration signal after data payload of PRDCH at the end of a R2D transmission
[Positive observations]
· Source [Samsung] states that the CFO calibration signal be placed right after the R2D data payload. This allows devices not requiring calibration to ignore the signal and enter sleep earlier, while avoiding interference with ongoing payload decoding. Besides, the impact of padding can be further studied.
· Source [Huawei], [Samsung] and [ETRI] state that an aperiodic CFO calibration signal transmitted after the PRDCH (e.g., paging message), with its presence indicated by L1 control.
· Source [TCL] states that placing the calibration signal after receiving the PRDCH has minor impact on timeliness and does not delay acquisition of control info.
· Source [vivo] observes that interruption of R2D transmission can be avoided if CFO calibration signal is transmitted at the end of the R2D block (after the data payload).
· Source [Qualcomm] supports aperiodic LO calibration using CFO calibration signal transmitted together with the PRDCH.
· Source [Sequans] and [ETRI] state that it is efficient to include CFO calibration signal together with PRDCH transmission.
· Source [Lenovo], [NEC], [Spreadtrum] and [Xiaomi] states that it is beneficial to place the CFO calibration signal after the PRDCH to improve performance of PDRCH.
[Negative observations]
· Source [vivo] states that the availability of CFO calibration signal depends on traffic if not transmitted along with broadcast information.

Option 3: In relation to the PDRCH (D2R transmission), 
· the following observations are made assuming the CFO calibration signal transmitted prior to the PDRCH (D2R transmission)
[Positive observations]
· Source [ZTE], [LGE] and [Docomo] state that the periodic CFO calibration signal is transmitted before PDRCH/DO-A transmission, which is beneficial for ensuring frequency accuracy for D2R transmissions.
· Source [Apple] notes that independent transmission of the calibration signal (Option 3) can be considered as a viable but it requires additional device wakeup.
[Negative observations]
· Sources [CATT] states that R2D CFO calibration signal is transmitted before the PDRCH, and it cannot be used for the calibration of the device clock for LO for carrier frequency for the reception of PRDCH.
· Source [vivo] states that, standalone CFO calibration signal in relation to PDRCH (not transmitted with R2D) causes resource fragmentation, and leads to high overhead of transmitted in relation to all PDRCH transmissions.
· Source [vivo] and [TCL] states that the start of CFO calibration signal cannot be reliably determined due to accumulated time drift after the previous synchronization.
· Source [ZTE] states that device power consumption may increase in this option, since the device needs to wake up twice to receive common signals.
· Source [Sequans] states that having a separate CFO calibration signal transmission will be inefficient for ultra-low-power AIoT devices due to extra monitoring and wake/sleep overhead.
· Sources [Huawei], [Ericsson], [vivo] and [CMCC] find that this location offers no remarkable difference or gain for D2R reception performance due to slow CFO drift. Source [Huawei] further states that periodic CFO calibration signal with a predefined period will always help to improve the D2R performance by maintaining the residual CFO level with very small additional frequency drift.

Option 4: In relation to the synchronization signal
· For CFO calibration signal transmitted preceding the synchronization signal
[Negative observations]
· Source [vivo] states that CFO calibration signal preceding synchronization signal would cause interruption to synchronization signal reception.

· For CFO calibration signal transmitted after the synchronization signal in a R2D block
[Positive observations]
· Source [vivo] states that CFO calibration signal can be transmitted immediately after the periodic synchronization signal (if not with broadcast). This ensure a stable accuracy due to periodic transmission.
· Source [vivo], [ZTE] and [ETRI] state that this option minimizes resource overhead, and achieves higher resource efficiency.
· Source [ZTE] state that placing common signals within the same time period is beneficial for device power saving.
· Source [Huawei] states that periodic CFO calibration signals can be transmitted immediately after a periodic synchronization signal and MIB-like part.
· Source [Apple] recommends that the CFO calibration signal be transmitted at the end of the periodic synchronization signal as a baseline, efficiently utilizing device wake-up periods.
· Source [Qualcomm], [LGE] and [TCL]states that CFO calibration signal as part of the periodic synchronization signal. Source [TCL] states that periodic synchronization signals are very suitable for also performing frequency offset calibration at the same time.
· Source [CMCC] states that AIoT device can first search the periodic synchronization signal for time synchronization and frequency acquisition due to it is robust to CFO, and then receive the CFO calibration signal.
· Source [interDigital] states that periodic R2D synchronization signal contains at least one sequence for timing synchronization and one sequence for CFO calibration, which would reduce monitoring complexity.
· Source [NEC] and [ETRI] state that the CFO calibration is transmitted immediately after periodic synchronization signal is beneficial to D2R performance.
· Source [Docomo] and [OPPO] state that CFO calibration signal is transmitted after synchronization signal and can be applied for CFO calibration for broadcast information Rx (if needed), aperiodic D2R Tx and periodic D2R Tx.
[Negative observations]
· Source [ZTE] states that the periodicity of CFO calibration signal along with periodic synchronization signal may not suitable for D2R.

Option 5: In relation to broadcast information
· For CFO calibration signal transmitted preceding broadcast information
[Positive observations]
· Source [Docomo] states that R2D CFO calibration signal be received before broadcast information for better detection/decoding of PRDCH signals.
· Source [ZTE] states that periodic CFO calibration signal is scheduled after the synchronization signal and before the broadcast information, is beneficial for reliable reception of broadcast information, and also beneficial for power saving. And there is a gap between the synchronization signal and the CFO calibration signal, as well as another gap between the CFO calibration signal and the broadcast information.
[Negative observations]
· Source [ZTE] states that CFO calibration signal is scheduled after the synchronization signal and before the broadcast information limits the flexibility for transmission of CFO calibration signal.
· Source [ZTE] states that the periodicity of CFO calibration signal along with broadcast information may not suitable for D2R.
· Source [Huawei] states that it is not necessary to transmit an CFO calibration signal prior to an MIB-like transmission of the periodic block since the device may need additional delay to calibrate its LO frequency and it will potentially introduce time gap between the CFO calibration signal, which will increase the resource overhead of the system and the implementation complexity of the device.

· For CFO calibration signal transmitted after broadcast information at the end of the R2D block
[Positive observations]
· Source [CMCC] states that the synchronization signal, CFO calibration signal, and MIB-like broadcast information can be transmitted as a block, with CFO calibration signal immediately after the synchronization signal or the MIB part, AIoT device can first search the periodic synchronization signal for time synchronization and frequency acquisition due to it is robust to CFO, and then receive the CFO calibration signal.
· Source [Huawei] states that periodic CFO calibration signals can be transmitted immediately after a periodic synchronization signal and MIB-like part, this enable the device calibrated its LO on receiving the CFO calibration signal initially along with the synchronization signal.
· Source [vivo] supports CFO calibration signal transmitted at the end of the R2D block with broadcast information (MIB-like or SIB1-like), ensuring stable calibration accuracy, and it provides common reference accessible to all devices, and resource overhead is minimized.
· Source [NEC] and [Docomo] state that the CFO calibration is transmitted along and immediately after broadcast information is beneficial to D2R performance.
---


Agreement:
Regarding other details of CFO calibration signal, capture following in TR 38.769
---
[Periodicty]
For Periodicity of CFO calibration signal
Source [CMCC] states that, the periodicity of the CFO calibration signal can be the same as the periodic synchronization signal, i.e., use 160 ms as a starting point.
Source [ZTE] states that, the periodicity of CFO calibration signal should be same as or multiple of the periodicity of DO-A resources.
Source [DOCOMO] states that, considering low CFO drift rate, i.e., 1ppm/s or 0.1 ppm/s, and hundreds of ms periodicity, CFO calibration via periodic CFO calibration signal can be sufficient.
Source [Xiaomi] states that for the purpose of power saving at reader side, a large periodicity can be considered for CFO calibration signal transmission.
Source [Sequans] states that, support periodic transmission with sparse periodicity for CFO calibration signal.
[Frequency location]
For Frequency location of the CFO calibration signal
Source [NEC] state that exact frequency of CFO calibration signal may need to be explicitly indicated from reader and then determined by the device.
Source [vivo] state that in predefined frequency location within the transmission BW of the associated R2D transmission, e.g., center frequency of the periodic sync signal (AIoT-SSB) or one subcarrier adjacent to the center frequency of AIoT-SSB.
Source [Samsung] states that, it is preferred that frequency positions of the CFO calibration signal start with same frequency domain resource as of R2D transmission.
Source [Lenovo] suggest to study the following frequency-allocation alternatives for the CFO calibration signal, Alt 1. Transmit on the initial frequency used to provide initial access to A-IoT devices, and Alt 2. Transmit on the frequency that provides resources for D2R data payload transmission.
[CFO calibration signal presence/absence]
Regarding CFO calibration signal presence/absence
sources [Huawei], [Xiaomi] and [Samsung] state that the presence of CFO calibration signal can be indicated e.g., in L1 control signal, for flexibility and overhead reduction. Source [Huawei] additionally state that this indication is used in the case of aperiodic CFO calibration signals.
---


Agreement:
Regarding whether synchronization signal transmission is strictly periodic at reader, capture following in TR 38.769
---
Option 1: Synchronization signal transmission is strictly periodic at reader
[Positive observations]
· Source [Huawei] state that if the synchronization signal is periodic with respect to the reader, it will be transmitted with a pre-defined period and the device would be able to detect it periodically, enabling it to perform the timing synchronization every time in order to access to the network and maintain the timing tracking to obtain the accurate timeline. The synchronization signal is periodic in order to ensure that the device can perform time and frequency synchronization periodically in order to be able to access the network in a timely manner.
· Source [Spreadtrum] states that for the reader, there is no additional cost/complexity for transmitting the sync signal strictly periodic, and for the device, it is beneficial for monitoring and energy-saving operations.
· Source [Ericsson] states that the sync-signal should be strictly periodic to handle new devices attempting access at any time, which is a non-deterministic event.
· Source [CMCC] states that strictly periodic transmission is necessary to avoid ambiguity in determining system timing, which is critical for RACH resources and DRX configurations. The overhead is low from the network perspective.
· Source [Sony] and [Docomo] states that periodic transmission should be considered as baseline for frequency acquisition and timing synchronization/tracking.
· Source [vivo] states that strictly periodic occasions help avoid blind searching within a transmission window, which would increase device power consumption.
· Source [Lenovo] states that R20 AIoT systems require precise synchronization, with periodic synchronization signals playing a critical role.
[Negative observations]
· Source [Futurewei] states that it imposes unnecessary scheduling constraints for the reader and devices may not benefit from it.
· Source [Samsung] states that strict periodicity could lead to overlaps with other signals and introduce blocking/collisions based on current resource determination methods.
Option 2: Synchronization signal transmission is not strictly periodic at reader (e.g., window-based or flexible)
[Positive observations]
· Source [Samsung] states that prefer up to reader determination of resource position of periodic synchronization signal, which ensure at least one synchronization signal being transmitted within the time interval corresponding to synchronization periodicity. It is necessary to support reader side flexibility to adjust the position of periodic synchronization signal. If other signals which can be utilized for synchronization functionality are transmitted before the expected time position of periodic synchronization signal, it is feasible to cancel/postpone the transmission of periodic synchronization signal with no noticeable performance loss.
· Source [CATT] and [Panasonic] states that R2D synchronization signal transmission should not be strictly periodic at reader to avoid collisions.
[Negative observations]
· Source [Huawei] states that the use of a window-based periodic transmission (not strictly periodic) will have a negative impact on the device's ability to perform initial frequency acquisition due to timing uncertainty since it cannot know when to expect the signals.
· Source [vivo] states that a flexible time position within a window requires blind searching, increasing power consumption, and requires additional indication of the actual location.
· Source [vivo] states that the flexibility to omit transmissions (while keeping occasions strictly periodic) is consistent with NR specification logic where BS is not mandated to transmit SSB periodically.
· Source [CMCC] states that if the R2D synchronization signal is not strictly periodic, it will lead to ambiguity for a device to determine the timing information of the system. Without timing information, Rel-20 A-IoT system is difficult to configure RACH resources to support DO-A traffic, and DRX-like configuration for device power saving, etc.
· Source [vivo] states that if transmission periodicity for periodic sync signal is long enough, e.g., longer than several hundred ms, there is no clear motivation to have flexibility for BS to adjust the transmission occasion within a window or omit for periodic sync signal.
Source [NEC] and [Qualcomm] state that, RAN1 may only need to specify a default periodicity assumption from device perspective for the R2D sync signal. It is unnecessary to further discuss whether R2D sync signal transmission is strictly periodic at reader in RAN1, it can be totally up to reader’s implementation.
---


Agreement:
Capture following in TR 38.769
---
Periodicity of R2D periodic synchronization signal is studied, with following observations
· Source [vivo] states that it is beneficial to consider a long periodicity for periodic sync signal block (AIoT-SSB) to avoid collision between R2D/D2R transmissions and AIoT-SSB. The periodicity can be in between [320ms, 1.28s], and short periodicity may lead to collision with other R2D transmissions.
· Source [CMCC] states that frequency acquisition and reader identification latency, the timing drift due to SFO within the periodicity of the synchronization signal and the overhead of synchronization signal should be considered when determine the periodicity of the R2D periodic synchronization signal. And periodicity can be hundreds of ms, e.g., 160ms, as a starting point.
· Source [Ericsson] states that dense periodic synchronization signal can accelerate reader/cell search and improve timing synchronization at the cost of increased resource consumption (and energy consumption at the device side) and signaling overhead, whereas sparse transmission may reduce resource usage but require extra preamble overhead for reliable PRDCH demodulation. The periodicity can be 160ms, and other value can be studied.
· Source [Sequans] states that, periodicity in the order of 100s of ms can be considered, to support calibration for DO-A traffic case (i.e., device initiates D2R transmission after fast fix from such periodic R2D) without introducing large latency penalty.
· Source [ZTE] states that 40ms can be a starting point , and the Periodic R2D synchronization signal can be transmitted at a specific frame boundary.
· Source [Docomo] states that for time synchronization/tracking, additional synchronization signal without corresponding broadcast information can be beneficial for reducing accumulated time error due to SFO while avoiding additional overhead of broadcast information
· Source [CATT] states that the transmission period of the periodic synchronization signals should be longer than 160 ms.
---


Agreement:
Capture the following in TR38.769
---
Regarding whether to apply manchester coding to periodic synchronization signal
[Negative to apply manchester coding]
· Source [Huawei] states that, applying Manchester coding to the sequence-based synchronization signal would result in a marginal performance loss with similar residual timing error performance, while increasing the complexity of the device if it is expected to remove the Manchester encoding before performing correlation with the original sequence.
· Source [Qualcomm] states that, applying Manchester coding to synchronization signal could lead to an increased false alarm rate due to its resemblance to the PRDCH.
[FFS to apply manchester coding]
· Source [Ericsson] states that, before applying Manchester coding to the binary sequence, it needs to be verified/evaluated whether it outperforms or not the performance of a binary sequence designed with good auto-correlation and cross-correlation properties.
[Positive to apply manchester coding]
· Source [OPPO] states that, applying Manchester coding to the binary sequence of synchronization signal should be considered, and the application of Manchester coding to the binary sequence ensures continuous clock embedding, which mitigates timing drift, reduces DC offset issues, and facilitates accurate signal detection with lower complexity.
· Source [CATT] states that, in order to prevent continuous 1s or 0s during the transmission of R2D synchronization signal and improving clock recovery, Manchester coding should be applied to the binary sequence of R2D periodic synchronization signal.
· 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.Besides, 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 [Qualcomm] states that, there is no major impact on miss detection and timing performance if Manchester coding to synchronization signal, while this approach helps prevent consecutive 1s or 0s.
---


Agreement:
Capture following in TR38.769 regarding time and frequency resources for broadcast information:
---
Time and frequency resources for broadcast information is studied, and the following observations are provided.
For time location of broadcast information
[immediately after periodic synchronization signal]
Source [Huawei], [Spreadtrum], [OPPO], [Xiaomi], [vivo], [Apple], [CMCC], [ETRI], [Samsung], [Lenovo], [ZTE] and [Docomo] state that broadcast information can be transmitted immediately after periodic synchronization signal.
· Source [Huawei], [Spreadtrum] and [vivo] states that this ensures the device can obtain system information (e.g., reader ID) as part of the reader identification/differentiation procedure. Source [Huawei] and [vivo] state that this applies to MIB-like broadcast information, and [CMCC] state that this can be one potential option.
· Source [Xiaomi] states that the broadcast information can be transmitted at the end of the periodic synchronization signal with fixed time domain resources to simplify device implementation.
· Source [vivo] state that it is beneficial to support periodic R2D sync signal block, aka., AIoT-SSB, which can be composed of periodic sync sequence, PRDCH for MIB-like broadcast information, and CFO calibration signal, and these parts are continuous in time.
· Source [ZTE] states that periodic CFO calibration signal and broadcast information is placed after different synchronization signals.
[Separated or have Gap from periodic synchronization signal]
Source [Ericsson], [Samsung], [CMCC], [ZTE] and [Docomo] states that, the broadcast information can be transmitted not immediately after periodic synchronization signal.
· Source [Ericsson] states that broadcast information can be transmitted with a different periodicity from the periodic sync signal and with pre-defined offset to the sync signal when transmitted. Source [CMCC] also state that, MIB-like part is transmitted separately with the synchronization signal
· Source [Samsung] state that time resource can be derived by periodic synchronization signal with a fixed gap.
· Source [Docomo] state that time resource of the broadcast information can be immediately after the R2D signal or with an L1 R2D control in between.
· Source [ZTE] state that periodic CFO calibration signal is scheduled after the synchronization signal and before the broadcast information. There is a gap between the synchronization signal and the CFO calibration signal, as well as another gap between the CFO calibration signal and the broadcast information.
[For SIB1-like broadcast information]
Source [Huawei], [CMCC] and [vivo] further provide views on time domain resource for SIB1-like broadcast information
· Source [Huawei] state that, for time resources to receive the SIB-like broadcast information, the start time resource information can either be indicated in the MIB-like broadcast information, or be fixed in relation to the periodic synchronization signal/MIB-like broadcast transmission.
· Source [CMCC] state that, for the SIB1-like broadcast information, the time resources can be indicated by MIB-like part or scheduled by the corresponding L1 R2D control information
· Source [vivo] state that, it is beneficial to support periodic SIB1-like transmitted separately from MIB-like broadcast information. The periodicity of SIB1-like broadcast information can be equal to or larger than that for AIoT-SSB.

For whether the broadcast information transmission is strictly periodic
Source [vivo] states that the transmission occasion for broadcast information is strictly periodic.
Source [Docomo] states that periodic transmission should be considered as baseline, and aperiodic transmission can provide flexibility for reader while it may lead to additional workload, e.g., on how much time tolerance can be allowed for broadcast information transmission. Source [Docomo] further state that the periodicity of broadcast information, up to a few hundreds of ms can be feasible depending on energy storage assumption.
Source [Samsung] states that it is preferred not to limit the broadcast information being strictly periodic at reader side.
Source [Qualcomm] states that RAN1 may only need to specify a default periodicity assumption from device perspective for the R2D broadcast information. It is unnecessary to further discuss whether R2D broadcast information is strictly periodic at reader in RAN1.

For frequency location of broadcast information
[Same frequency as the periodic synchronization signal]
Source [FUTUREWEI], [Huawei], [Spreadtrum], [Ericsson] [Xiaomi], [vivo], [OPPO], [NTT DOCOMO] [Qualcomm], [Samsung] and [Apple] state that the same frequency resource is used for broadcast information as the periodic synchronization signal.
· Source [Huawei] states that the device has only acquired the frequency synchronization of the sync raster on which it detected the periodic synchronization signal, and same frequency resource as periodic synchronization signal applies to MIB-like broadcast information.
· Source [OPPO] states that a device can assume the same center frequency for receiving both broadcast information and the periodic sync signal, as long as IF/ZIF receiver requirements are met.
· Souce [vivo] state that M value should be ≤6 for periodic sync signal and PRDCH for broadcast to ensure applicability to deployment in 1 RB Tx BW.
[Potential different frequency as the periodic synchronization signal]
Source [Samsung] suggest to study whether system supports multiple frequency positions for sync signal (FDM among sync signals), and whether system supports multiple frequency positions for broadcast information (FDM among broadcast information), e.g. to support a raster-based search like sync/MIB acquisition.
Source [Huawei] state that, for frequency resources to receive the SIB-like broadcast information, the frequency resource information can either be indicated in the MIB-like broadcast information, or be fixed in relation to the periodic synchronization signal/MIB-like broadcast transmission.
Source [Lenovo] states that, upon synchronizing via signals broadcast on initial frequency, devices acquire system information that enumerates available frequencies for further reception/transmission.
---


Agreement:
Capture following in TR38.769 regarding transmission parameter for broadcast information.
---
Transmission parameter for broadcast information is studied, and the following observations are provided.
For transmission parameters for broadcast information,
[Fixed and predefined parameters]
Source [Futurewei], [Huawei], [Spreadtrum], [OPPO], [Xiaomi], [ZTE], [vivo], [Apple], [ETRI], [Lenovo], [Samsung] and [Panasonic] state that L1 R2D control information is not needed for broadcast information transmission, and parameters (e.g., M value, payload size, repetition, FEC related parameters) can be fixed and predefined. Hence, L1 control information is not needed. 
· Source [Huawei], [vivo] and [ETRI] state that fixed and predefined parameter applies for MIB-like broadcast information for the case broadcast information is split into MIB and SIB.
· Source [Spreadtrum] and [Xiaomi] state that fixed and predefined parameter simplifies device implementation.
· Source [Ericsson] also state that the M value, the number of repetitions, and the code rate are strictly not necessary and can cater to coverage-edge cases, i.e., corresponding to the values that provide the best coverage.
· Source [Ericsson] state that the need for variable TBS can be discussed, e.g., considering potential needs to increase the contents of broadcast information in a future release. If needed, the TBS can be indicated via L1 R2D control information or postamble. Otherwise, the TBS can be fixed and predefined.
For parameters for SIB1-like broadcast information when broadcast information is split into MIB-like broadcast information and SIB1-like broadcast information
· Source [Huawei] state that the L1 R2D control information for the PRDCH carrying the SIB-like broadcast information is used to indicate information such as the TBS, FEC code rate and repetition number to save the indication overhead of the MIB-like broadcast information.
· Source [vivo] state that L1 R2D control information is needed for SIB1-like broadcast information, and the parameters (including parameters of L1 control information of SIB1-like broadcast information, the start time offset and periodicity) can be predefined and/or indicated by MIB-like broadcast information.
· Source [ETRI] state that if broadcast information is split into MIB and SIB, the transmission parameters of SIB may be fixed and predefined or indicated via MIB.
[Potential flexibility for transmission parameters]
Source [Qualcomm] state that for system information broadcast messages, L1 control is useful to indicate the transmission parameters, such as TBS and relevant fields for subsequent system information (SIB) within the same PRDCH. Device can perform SIB monitoring with a predefined periodicity and detect SIB scheduled by the L1 control in the same PRDCH, which is more straightforward and potentially more efficient than using a separate MIB.
Source [NTT DOCOMO] state that for each parameter of the PRDCH with broadcast information, such as M value, TBS, etc., how much flexibility should be ensured can be further studied. Opt.1) fixed value is applied, Opt.2) indicated by R2D L1 control with/without restriction on applicable values.
Source [ZTE] state that both broadcast information with or without L1 control can be studied. The code method, code rate, chip duration, and repetition can be a fixed and L1 control is not needed. The flexibility can be improved if L1 control is available for broadcast information, the chip duration of L1 control part in broadcast information, the chip duration of L1 control part is a fixed value.
---


Agreement:
Update TR 38.769 for the order of channel coding and block level repetition 
	6A.1.x.y	PRDCH overall
[Omit Unchanged part]
Sources [R1-10321-123-3, vivo], [R1-10321-123-6, Huawei], [R1-10321-123-8, NEC], [R1-10321-123-9, CATT], [R1-10321-123-14, ZTE], [R1-10321-123-1, FUTUREWEI], [R1-10321-123-19, Apple] and, [R1-10321-123-24, Qualcomm], [Panasonic] , [IIT] and [Interdigital] report that channel coding before block-level repetition should be supported, as shown in Figure 6A.1.x.y-1, with following justifications: 
-	Sources [R1-10321-123-3, vivo], [R1-10321-123-8, NEC], [R1-10321-123-9, CATT] and [R1-10321-123-24, Qualcomm] state that less memory is required by the channel coding before block-level repetition, compared with channel coding after block-level repetition.  
-	Source [R1-10321-123-6, 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 [R1-10321-123-9, 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.
-	Source [Panasonic] and [IIT] state, block-level repetition after channel coding enables time diversity and the soft-combining gain. 
Figure 6A.1.x.y-1: PRDCH generation – block order 1
Sources [R1-10321-123-12, OPPO] and [R1-10321-123-16, LGE] state that channel coding after block-level repetition should be supported, as shown in Figure 6A-1.x.y-2.
Figure 6A.1.x.y-2: PRDCH generation – block order 2





Agreement:
For R2D, channel coding (with interleaving, if supported) is before block-level repetition (if supported).
· Note: interleaving includes potential sub-block interleaving (if supported) and bit collection.


Conclusion:
Overlaid sequence on R2D periodic synchronization signal is not considered for R20 AIoT.


Agreement:
Update TR 38.769 for signal design for CFO calibration
	For the signal design, the following options are studied:
Option A: Unmodulated single tone sinusoid.
-	Sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-2, Spreadtrum], [R1-10321-123-3, vivo], [R1-10321-123-5, CMCC], [R1-10321-123-6, Huawei], [R1-10321-123-7, Ericsson], [R1-10321-123-8, NEC], [R1-10321-123-10, CTC], [R1-10321-123-11, Xiaomi], [R1-10321-123-13, Samsung], [R1-10321-123-14, ZTE], [R1-10321-123-16, LGE ], [R1-10321-123-18, Lenovo], [R1-10321-123-19, Apple], [R1-10321-123-21, MediaTek], [R1-10321-123-22, Sharp], [R1-10321-123-23, Quectel], [R1-10321-123-24, Qualcomm], [R1-10321-123-25, NTT DOCOMO], [R1-10321-123-26, TCL], [R1-10321-123-27, IITK], [R1-10321-123-28, CEWiT], [R1-10321-123-29, Sequans], [R1-10321-123-20, InterDigital], and [R1-10321-123-30, Sony], [Nokia] and [Panasonic] state that Option A is feasible, and can be considered for CFO calibration signal.
The following design principles for this option are described according to sources:
-	Sources [R1-10321-123-3, vivo], [R1-10321-123-6, Huawei] and [R1-10321-123-25, NTT 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 [R1-10321-123-5, 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.
The following sources provide reasons to support this option:
-	Source [R1-10321-123-5, CMCC] report that with a duration of 1 OFDM symbol, the CFO after calibration can be reduced to less than 10 ppm.
-	Sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-7, Ericsson], [R1-10321-123-10, CTC], [R1-10321-123-13, Samsung], [R1-10321-123-14, ZTE], [R1-10321-123-16, LGE ], [R1-10321-123-24, Qualcomm], [R1-10321-123-18], and [R1-10321-123-27, IITK], [Xiaomi], [Nokia], [Apple], [Sharp], [Panasonic], [TCL], [Sequans] and [Quetel] state that unmodulated sinusoid single tone can achieve CFO calibration with low complexity. Source [ZTE] states that it allows CFO correction to be implemented using hardware circuits (e.g., AFC loop), making it well-suited for A-IoT devices. And Source [Sequans] states that the constant-amplitude single-tone allows simple phase-based CFO estimation without correlation or symbol detection.
-	Source [R1-10321-123-3, vivo] states that single tone signal is already supported in NB-IoT, (e.g., NPRACH), there is no co-existence issue.
-  Source [Qualcomm] provide evaluation results and show that, By using Option a, the CFO calibration signal with 2 OFDM symbol can achieve CFO calibrated from 1000ppm to 100ppm for Device 2b with 10% error at SNR=20dB and 1% error at SNR=30dB, and to achieve CFO calibrated from 50ppm to 10ppm for Device C with 10% error at SNR=0dB and 1% error at SNR=10dB.
-  Source [Qualcomm] provide evaluation results and show that Device 2b requires a higher CNR than Device C because of its larger SFO/CFO before/after calibration, e.g., by using Option a, the CFO calibration signal with 2 OFDM symbol can achieve CFO calibrated from 1000ppm to 100ppm for Device 2b with 10% error at SNR=8dB and 1% error at SNR=18dB, and to achieve CFO calibrated from 50ppm to 10ppm for Device C with 10% error at SNR=0dB and 1% error at SNR=10dB.
-  Source [Quectel] states that, the envelope of unmodulated signal for CFO calibration is constant, which provides higher calibration precision than modulated signal. 

The following sources provide reasons to not support this option: 
-	Source [R1-10321-123-9, CATT] states that it will create the inter-channel interference to neighboring NR sub-bands.
-	Source [R1-10321-123-24, Qualcomm] and [CATT] states that this method may be vulnerable to deep fading, reducing reliability.
-  Source [CATT] states that, injection lock mechanism will consume huge energy of the device, which is unacceptable even for active devices.

Option B: Unmodulated multiple single tone sinusoids.
-	Sources [R1-10321-123-16, LGE ], [R1-10321-123-24, Qualcomm], and [R1-10321-123-26, TCL] and [Panasonic] report that Option B can be considered for CFO calibration
The following reasons were provided to support this option:
-	Source [R1-10321-123-16, 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 [R1-10321-123-24, Qualcomm] states that, using multiple sinusoidal tones can improve robustness against fading by providing frequency diversity.
-	Source [R1-10321-123-26, TCL] states that, although Option B is slightly more complex than a single tone, it is still a very simple waveform.
The following reasons were provided to not support this option: 
-	Sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-3, vivo], [R1-10321-123-2, Spreadtrum], [R1-10321-123-30, Sony], [R1-10321-123-26, TCL], and [R1-10321-123-23, Quectel]. [Spreadtrum], [ZTE], [NEC] and [Quectel] state that Option B increases in detection complexity, and it may also complicate frequency resource allocation.
-	Sources [R1-10321-123-3, vivo] and [R1-10321-123-6, Huawei] raised feasibility concerns on Option B
-	Source [R1-10321-123-3, 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 [R1-10321-123-6, Huawei], and [R1-10321-123-8, NEC], [Xiaomi] and [Quectel] 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 [R1-10321-123-29, Sequans] state that multiple unmodulated tones increase PAPR and require FFT-based tone separation
-  Source [ZTE] states that the benefit of using multiple sinusoid single tones for CFO calibration is unclear compared with single tone.
-  Source [vivo] states that Option b (unmodulated multiple sinusoid single tones), based on counting of number of cycles of envelop of frequency components of |f1 – f2|, is not feasible for achieving 10 ppm accuracy. It requires either an extremely long duration or an excessive transmission bandwidth, both of which are impractical for R20 AIoT.
-  Source [CATT] states that, for Options b sinusoidal signals for CFO calibration signals transmitted on NR DL spectrum, it will create the inter-channel interference to neighbouring NR sub-bands.

Option C: Multiple modulated tones, where the CFO calibration signal may be the same as or different from the synchronization signal.
The following three different design principles for this option are described according to sources:
-	Source [R1-10321-123-7, 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 [R1-10321-123-9, CATT] and [R1-10321-123-21, MediaTek] 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.
-	Source [R1-10321-123-25, NTT DOCOMO] states that, the CFO calibration can be achieved by measuring chip length, and 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.
The following reasons were provided to support this option:
-	Source [R1-10321-123-7, 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 [R1-10321-123-9, CATT] state that the OFDM waveform-based CFO calibration signals would be orthogonal to neighboring NR channels
-	Sources [R1-10321-123-9, CATT] and [R1-10321-123-21, MediaTek] state that R2D synchronization signal can be used for CFO calibration signal
-	Source [R1-10321-123-25, NTT DOCOMO] state that may be feasible if same clock (LO) is used for both carrier frequency generation and sampling.
-  Source [CATT] states that, modulated multiple tones, can be used for CFO calibration based on pre-compensation, R2D synchronization signal and M-sequence can be used for CFO calibration signal.
-  With the CFO pre-compensation method, if R2D CFO calibration signal adopts M-sequence with M value equals to 4 and its length equals to 7 bits, it will occupy only two OFDM symbols, the 90% CDF residual CFO after calibration at the device side is no more than 5ppm for Device C and 20ppm for Device 2b. 
-  The pre-compensated CFO received signals should be used for CFO calibration to reduce the degradation of received signal detection and decoding performance due to frequency errors for Device 2b and Device C.

The following reasons were provided to not support this option: 
-	Source [R1-10321-123-7, 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 [R1-10321-123-1, FUTUREWEI], [R1-10321-123-3, vivo], [R1-10321-123-5, CMCC] and [R1-10321-123-28, 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 [R1-10321-123-14, ZTE] and [vivo] 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. And source [vivo] further states that, according to agreements for LP-SS OOK sequence in LP-WUS WI (RAN1#118 meeting), the design metric only include time synchronization accuracy and RRM measurement accuracy, no design consideration and metric for frequency error calibration in LP-SS design.
-	Sources [R1-10321-123-6, Huawei] and [R1-10321-123-8, 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 [R1-10321-123-3, 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 389.194, 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 [R1-10321-123-18, 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.
-  Source [vivo] states that it is not feasible to use option c, modulated multiple tones, i.e., OOK sequence for R2D CFO calibration, as that in D2R receiver. 
-  Each CFO hypothesis or CFO compensation should be constructed by multiplying a phase rotation sequence to local sequence, and each phase rotation sequence corresponds to a CFO hypothesis. However, only envelop/amplitude of the Rx signal can be obtained in IF-ED detector, and there is no I/Q path in receiver, phase information which reflects frequency offset is lost in receiver. 
-  Estimation or compensation using R2D OOK sequence is still not feasible, since the R2D waveform generation is not specified, which means the sample level amplitude (with ripples) and phase at transmitter is unknown to receiver when constructing local sequence, because OOK signal generation totally up to Reader implementation.
-  It is not feasible to use RSRP-like metric to determine CFO at receiver. To achieve 10ppm calibration accuracy, several filter covering different frequency point should be used which is too complex for AIoT devices. Even if using so many IF filter, the received power captured into each filter would be very close. The right hypothesis cannot be reliably determined, the accuracy of CFO calibration cannot be guaranteed.
-  Source [NEC] states that, since the CFO calibration is mainly applied to the LO in RF level, which cannot be based on the baseband clock, for the signal design, Option c is not feasible.





Agreement:
For CFO calibration signal, following option is not considered
· Option b:unmodulated multiple sinusoid single tones


Agreement:
Update TR 38.768 on frequency location of L1 R2D control information
	Sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-2, Spreadtrum], [R1-10321-123-3, vivo], [R1-10321-123-6, Huawei], [R1-10321-123-13, Samsung], [R1-10321-123-8, NEC], [R1-10321-123-14, ZTE], [R1-10321-123-19, Apple], and [R1-10321-123-24, Qualcomm], [Xiaomi], [LGE], [interDigital] and [CATT] report that the same frequency resource for R2D preamble, L1 control and data part should be used.
-	Source [R1-10321-123-1, FUTUREWEI] states 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 [R1-10321-123-3, vivo], and [R1-10321-123-6, Huawei], [Xiaomi] and [CATT] 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 [R1-10321-123-2, Spreadtrum] and [R1-10321-123-3, vivo] state that the motivation of transmitting L1 control and data payload in different frequency is not clear. Source [interDigital] state that little benefit is expected in a PRDCH center frequency different from the center frequency of the L1 R2D control channel that configured it.
Source [R1-10321-123-12, OPPO] reports 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:
Update TR 38.769 for Chip duration determination of L1 R2D control information.
	6A.1.x.y.2  Chip duration of L1 R2D control information
The following options are identified for the functionality of the chip duration determination of the L1 R2D control information:
Option 1-control: A fixed chip duration is used, with no use of CAP.
Option 2-control: A set of pre-defined chip durations, blindly detected by a device with no use of CAP.
Option 3-control: A CAP is used, where multiple alternatives are studied:
Option 3-1-control: Using the pattern of CAP defined in TS 38.291 [228].
Option 3-2-control:  Enhancing CAP by the following options:
Option 3-2a-control: Using the pattern of CAP defined in TS 38.291 [228] with repetitions, 
Option 3-2b-control: Using a pattern that associates the chip duration of the clock acquisition part to different chip durations of the L1 R2D control information.
Option 4-control: A set of binary sequences with fixed or variable length is used, where multiple alternatives are studied:
Option 4-1-control: Use of the binary sequence-based SIP, with no use of CAP.
Option 4-2-control: Use of binary sequences for the CAP.
Option 5-control: Broadcast information is used to indicate the chip duration.

For Option 1-control, the following points were reported as advantages:
-	Sources [R1-10321-123-7, Ericsson], [R1-10321-123-9, CATT], [R1-10321-123-16, LGE ] and [R1-10321-123-10, CTC] states that fixed chip duration for L1 R2D control information lowers the complexity and power consumption of chip duration detection.
-	Source [R1-10321-123-9, 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 [R1-10321-123-7, Ericsson] states that using fixed chip duration (using the smallest M value for optimal coverage) can achieve higher reliability for L1 R2D control information.
-  Source [ZTE] state that the chip duration of L1 control part for broadcast information, is a fixed value.
For Option 1-control, the following points were reported as disadvantages:
-	Source [R1-10321-123-24, Qualcomm] and [R1-10321-123-13, 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 [R1-10321-123-1, FUTUREWEI], [R1-10321-123-13], [R1-10321-123-14], [R1-10321-123-6, Huawei], [R1-10321-123-3, vivo], [R1-10321-123-25, NTT DOCOMO], and [R1-10321-123-5, CMCC], [Sony] and [Xiaomi] states that, if chip duration for L1 control information is fixed, the flexibility or transmission efficiency is restricted.
For Option 2-control, the following points were reported as advantages:
-	 Sources [R1-10321-123-5, CMCC] and [R1-10321-123-17, Panasonic] state that blind detection within configured set provide better flexibility for chip length for L1 R2D control information.
-	Source [R1-10321-123-5, CMCC] states that blind detection is viable if the number of predefined chip duration candidates is restricted. Additionally, [R1-10321-123-5, CMCC] states that Option 2 can be combined with device-specific configuration signaling to enhance flexibility without excessive complexity. 
For Option 2-control, the following points were reported as disadvantages:
-	Sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-13, Samsung], [R1-10321-123-3, vivo], [R1-10321-123-25, NTT DOCOMO], [R1-10321-123-7, Ericsson], and [R1-10321-123-14, ZTE], [NEC], [Sony] and [Xiaomi] state that Option 2 increases detection complexity.
-	Source [R1-10321-123-24, 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 [R1-10321-123-6, Huawei] and [R1-10321-123-16, 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 [R1-10321-123-3, vivo] and [R1-10321-123-7, Ericsson] state that reliability is doubtful due to blind detection.
-	Source [R1-10321-123-3, 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-control, the following points were reported as advantages:
-	For Alt.3-1 Rel-19 CAP pattern, sources [R1-10321-123-13, Samsung] and [R1-10321-123-29, 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 [R1-10321-123-16, LGE ], [R1-10321-123-19, Apple] and [R1-10321-123-24, Qualcomm] report that this option can achieve better detection reliability compared with R19 CAP. Source [R1-10321-123-19, Apple] further states that this option maintains consistency with Release-19 design principles. Source [R1-10321-123-24, Qualcomm] report that R19 CAP with repetition using correlation-based detection improves reliability, with low detection flexibility. Source [Qualcomm] also provides simulation results that the CAP with 2bits and fixed length (fixed M=2 chip duration) can be detected with 10% false detection at an SNR lower than PRDCH with 20bit+6bit CRC, M=2, TBCC 1/3 (e.g., for R2D L1 control).
-  Source [Docomo] state that options 3 have an advantage as flexible chip duration of L1 R2D control.
For Option 3-control, the following points were reported as disadvantages:
-	Source [R1-10321-123-24, Qualcomm] states option 3 requires blind detection; and MD/FA rates and CAP overhead needs to be considered.
-	Source [R1-10321-123-14 ZTE] states option 3 results in additional overhead due to transmission of CAP.
-	Sources [R1-10321-123-5, CMCC], [R1-10321-123-3, vivo], and [R1-10321-123-6, Huawei] and [NEC] 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 [R1-10321-123-14, ZTE] and [R1-10321-123-7, Ericsson] also report the performance of this option should be further evaluated.
-  Source [vivo] provide evaluation result show that it is not feasible to use R19 CAP (Alt 3-1) and R19 CAP with repetitions (Alt 3-2a) to determine chip length for L1 control part. The BLER performance is not even close (more than 10dB performance gap) to meet coverage of 500 meters at 10% BLER in UMa scenario.
-	Source [R1-10321-123-7, Ericsson] states that option 3 would make the decoding of the L1 R2D control information more complicated for the device. 
-	Source [R1-10321-123-3, vivo] states that repetition and FEC parameters should be indicated anyway, no need to leave chip duration for blind detection using CAP.
-	Source [Sony] state that using a CAP for chip length determination requires a two-part preamble design which is not necessary with a binary sequence based SIP design.
For Option 4-control, the following points were reported as advantages:
For Alt 4-1, using binary sequences for SIP. No use of CAP for chip duration determination
-	Sources [R1-10321-123-4, Nokia], [R1-10321-123-6, Huawei], [R1-10321-123-8, NEC], [R1-10321-123-16, LGE ], [R1-10321-123-25, NTT DOCOMO], and [R1-10321-123-17, Panasonic] and [Xiaomi] state that this method can provide flexibility for R2D chip duration.
-	Source [R1-10321-123-6, 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 [R1-10321-123-4, Nokia] and [R1-10321-123-17, Panasonic] report that flexibility on chip length of L1 R2D control can be achieved. Source [Nokia] state that sequence-based SIP can be effectively used to indicate chip duration of a PRDCH for L1 control with limited indication flexibility to keep low device complexity, and only limited flexibility is needed, e.g., up to 2 sequence is sufficient.
-  Source [Sony] state that single-part preamble where a sequence-based signal can not only provide start and synchronization functionality, but it can also be used to carry information with regard to chip length of the subsequent control and data payload, has an advantage over the other approaches in terms of low-complexity and power consumption.
For Option 4-control, the following points were reported as disadvantages:
-	Sources [R1-10321-123-3, vivo], [R1-10321-123-7, Ericsson], and [R1-10321-123-24, Qualcomm] and [Docomo] states that option 4 increases detection complexity. And [R1-10321-123-7] states that option 4 would make the decoding of the L1 R2D control information more complicated for the device.
-	Sources [R1-10321-123-14, ZTE] and [R1-10321-123-7, Ericsson] report that the performance of this option should be further evaluated.
-	Source [R1-10321-123-3, vivo] states that repetition and FEC parameters should be indicated anyway, no need to leave chip duration for blind detection; source [R1-10321-123-3] further reports 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-control, the following points were reported as advantages:
-	Sources [R1-10321-123-3, vivo], [R1-10321-123-14, ZTE] and [R1-10321-123-24, Qualcomm] state that better flexibility can be achieved without blind detection, and sources [R1-10321-123-3, vivo] and [R1-10321-123-14, 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 [R1-10321-123-5, 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 [R1-10321-123-12, OPPO] state that the chip length should be pre-known by device to minimize complexity and power consumption at AIoT device.

For Option 5-control, the following points were reported as disadvantages:
-	Source [R1-10321-123-24, Qualcomm] states that it requires system info acquisition and memorization. 
-	Source [R1-10321-123-6, Huawei] and [R1-10321-123-13, Samsung] states that only to indicate chip duration in broadcast information limits flexible time resource allocation from system perspective.
-	Source [R1-10321-123-7, Ericsson] states that this option is a simple solution but not applicable for paging and broadcast PRDCH.
-	Source [R1-10321-123-25, NTT DOCOMO] states that state that option 5 has less flexibility on chip duration of L1 R2D control compared to option 2/3/4.
-  Source [Xiaomi] state that, as a common indication method, option 5 is an efficient way for chip duration indication of the L1 R2D control information but loses some flexibility for the L1 R2D control information transmission towards different Devices.




Agreement:
Following options are not considered for Chip duration determination for L1 R2D control information.
· 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.
· Alt.3-2a: R19 CAP pattern with repetition


Agreement:
Update TR38.769, on addition of M=1, as follows
	6A.1.x.1	
Sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-2, Spreadtrum], [R1-10321-123-4, Nokia], [R1-10321-123-5, CMCC], [R1-10321-123-6, Huawei], [R1-10321-123-7, Ericsson], [R1-10321-123-11, Xiaomi], [R1-10321-123-9, CATT], [R1-10321-123-15, Transsion], [R1-10321-123-16, LGE ], [R1-10321-123-17, Panasonic], [R1-10321-123-19, Apple], [R1-10321-123-26, TCL], [R1-10321-123-27, IITK], and [R1-10321-123-29, Sequans] states that addition of =1 is beneficial to improve R2D coverage.
-	Source [R1-10321-123-6, Huawei] shows that,  = 1 provides ~3 dB performance gain compared with  = 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 Clause 4.3.2. And Source [Xiaomi] states that longer chip length can enable better coverage performance than M=2 and the performance gain is ~3 dB.
-	Source [R1-10321-123-17, Panasonic] shows that,  = 1 shows performance gain, when repetition and FEC is not applied, where the CINR/CNR for OOK4 signal, is calculated according to Clause 4.3.2.
-	Source [R1-10321-123-9, CATT] states that, for =1, the larger chip duration could reduce the DS impact and improve the detection performance for Device 2b/C in outdoor deployment scenario.
Sources [R1-10321-123-3, vivo], [R1-10321-123-14, ZTE], [R1-10321-123-12, OPPO], [R1-10321-123-24, Qualcomm], [R1-10321-123-25, NTT DOCOMO] and [Samsung] states that addition of =1 is not necessary.
-	Sources [R1-10321-123-3, vivo], [R1-10321-123-14, ZTE], [R1-10321-123-12, OPPO], [R1-10321-123-25, NTT DOCOMO] and [Samsung] states that, OOK with M=2 using together with repetition achieve the same data rates as =1.
-	Source [R1-10321-123-14, 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 =1, where the CINR/CNR for OFDM symbol with non-zero power is calculated according to Clause 4.3.2, OFDM symbol with zero power is not counted.
-	Source [R1-10321-123-14, ZTE] states that, OOK4 with  =2 and =4 have better detection performance than OOK4 with  =1, where the CINR/CNR for OFDM symbol with non-zero power is calculated according to Clause 4.3.2, OFDM symbol with zero power is not counted. 
-	Source [R1-10321-123-24, Qualcomm] shows that, =1 cannot provide better performance than =2, if the CINR/CNR for OFDM symbol with non-zero power is calculated according to Clause 4.3.2, and OFDM symbol with zero power is not counted. Source [R1-10321-123-24, Qualcomm] also shows that =1 provide less than 2dB performance gain than =2, if the CINR/CNR, for OOK4 signal across all OFDM symbols, is calculated according to Clause 4.3.2.
-  Source [Docomo] states that, M=1 does not offer performance improvements relative to M=2, unless power boosting during the ON duration are allowed




Agreement:
Update TR38.769, on removal of M=24, as follows
	6A.1.x.2	
Sources [R1-10321-123-6, Huawei], [R1-10321-123-7, Ericsson], [R1-10321-123-17, Panasonic], [R1-10321-123-11, Xiaomi] and [R1-10321-123-3, vivo] state that it is not necessary to keep  = 24 for R2D can be removed.
-	Sources [R1-10321-123-6, Huawei], [R1-10321-123-7, Ericsson] and [R1-10321-123-17, Panasonic] state and provide evaluation results showing that  = 24 cannot work well for outdoor scenarios as its chip length is too short to resist large multipath delay and channel fading.
-	Source [R1-10321-123-6, Huawei] shows that  = 24 cannot work for outdoor scenarios with BLER close to 1 under different SNRs
-	Source [R1-10321-123-7, Ericsson] shows that 10% BLER cannot be achieved with  = 24 (even with repetitions)
-	Source [R1-10321-123-17, Panasonic] shows that, when  = 24 (and ), 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 [R1-10321-123-3, vivo] states and provides evaluation results show that, R2D transmission with  = 24 cannot achieve 1% BLER even with 2 block-level repetitions, and under similar data rates, the performance of  = 24 (with 2 repetitions) is worse than that of M=12 (without repetition). Source [Xiaomi] states and provides evaluation results show that, there is an error floor at BLER of 10^-1 for M=24.
-	Source [vivo] states that CP handling method 2 is not needed for M=24 values in R20 due to better clock accuracy.
Sources [R1-10321-123-25, NTT DOCOMO], [R1-10321-123-1, FUTUREWEI], [R1-10321-123-12, OPPO], [R1-10321-123-13, Samsung], [R1-10321-123-14, ZTE], [R1-10321-123-24, Qualcomm], [R1-10321-123-9, CATT], [TCL] and [R1-10321-123-4, Nokia] state that it is necessary to keep  = 24 for R2D.
-	Source [R1-10321-123-25, NTT DOCOMO] states that  = 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 [R1-10321-123-1, FUTUREWEI] provides evaluation results show that  = 24 can still achieve 10% BLER with a reasonable SNR, and Source [CATT] provides evaluation results show that the coverage requirement of 500m at 10% BLER.
-	Sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-12, OPPO], [CATT] and [R1-10321-123-13, Samsung] state that  = 24 is needed to achieve data rates similar as R19.
-	Source [R1-10321-123-4, Nokia] states that,  = 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.




Agreement:
Update TR38.769, on addition of M=32, as follows
	6A.1.x.3	
[omit unchanged part]
Sources [R1-10321-123-3, vivo], [R1-10321-123-6, Huawei], [R1-10321-123-12, OPPO], [R1-10321-123-9, CATT], [R1-10321-123-13, Samsung], [R1-10321-123-14, ZTE], [R1-10321-123-17, Panasonic], [R1-10321-123-25, NTT DOCOMO] and [R1-10321-123-7, Ericsson] state that it is not necessary to add  for R2D.
-	Sources [R1-10321-123-3, vivo], [R1-10321-123-6, Huawei], [R1-10321-123-13, Samsung], [R1-10321-123-9, CATT], [R1-10321-123-14, ZTE], [R1-10321-123-25, NTT DOCOMO], [R1-10321-123-17, Panasonic], and [R1-10321-123-12, OPPO] state concern on feasibility of =32 due to too short chip duration. 
-	Source [R1-10321-123-6, Huawei] provide evaluation results show that, =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 =32 is not supported.
-	Source [R1-10321-123-9, CATT] provide evaluation results show that, for Device 2b, =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 [R1-10321-123-3, vivo] provide evaluation results show that R2D transmission with =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 =12 (without repetition). Source [vivo] further states that M=32 can not be distinguished from M=24 at AIoT device. According to RAN4 requirements, when the nominal chip length is Tc, the allowed chip length can be 0.7*Tc to 1.3*Tc, which makes AIoT device difficult to differentiate M=32 from M=24.
-	Source [R1-10321-123-17, Panasonic] provide evaluation results show that, when  =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 [R1-10321-123-7, Ericsson] provide evaluation results show that, for Device 2b and Device C, a 10% BLER cannot be achieved with =32. Source [Xiaomi] provides evaluation results show that, there is an error floor at BLER of 10^-1 for M = 32. Source [IITK] provides evaluation results show that that BLER for M = 32 is close to 1 in outdoor scenarios across SNRs and failing to meet the 10% BLER target even with FEC and block-level repetitions
-	Sources [R1-10321-123-12, OPPO] and [R1-10321-123-13, Samsung] state that, higher data rate with =32 lacks motivation.
-	 Source [R1-10321-123-25, NTT DOCOMO] states that, it would increase device complexity as devices need to blindly detect and differentiate =24 and =32 with certain FDR.




Agreement:
Update TR 38.679 on feasibility of R2D block level repetition.
	6A.1.x.y	Repetition
Block-level repetition as defined in Clause 6.1.0.1 is considered for the study; other types of repetition are not considered.
It is reported by sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-3, vivo], [R1-10321-123-5, CMCC], [R1-10321-123-6, Huawei], [R1-10321-123-8, NEC], [R1-10321-123-9, CATT], [R1-10321-123-10, CTC],  [R1-10321-123-12, OPPO], [R1-10321-123-15, Transsion], [R1-10321-123-16, LGE ], [R1-10321-123-19, Apple], [R1-10321-123-24, Qualcomm], [R1-10321-123-28, CEWiT], [R1-10321-123-29, Sequans], [R1-10321-123-17, Panasonic], [R1-10321-123-23, Quectel], [R1-10321-123-25, NTT DOCOMO], [Samsung], [ZTE] and [R1-10321-123-27, IITK] that R2D repetition is feasible and can be considered.
Sources [R1-10321-123-3, vivo], [R1-10321-123-6, Huawei], [R1-10321-123-5, CMCC], [R1-10321-123-12, OPPO], [R1-10321-123-9, CATT], [R1-10321-123-15, Transsion], [R1-10321-123-19, Apple], [Samsung], [ZTE] and [R1-10321-123-27, IITK] report that repetition schemes including block-level repetition are feasible.
Source [Ericsson] and [OPPO] state that, block-level repetition requires a large volatile memory to store received repetitions of a block, Source [OPPO] further states that block-level repetition should be feasible for small TBS. whether block-level repetition(s) can be applied to large TBS e.g., thousands of bits, should be further studied.




Agreement:
Update TR 38.679 on R2D coding scheme.
	6A.1.x.y.1	Coding schemes
FEC for R2D is studied, with code rates of 1/2, 1/3 and 1/4 and the following candidate coding schemes:
Coding scheme 1: LTE tail biting convolutional code
Coding scheme 2: Tailed convolutional codes with the same polynomials as LTE tail biting convolutional codes
Coding scheme 3: Reed-Muller codes
For comparison between Coding scheme 1 and Coding scheme 2:
-	Source [R1-10321-123-1, 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 [R1-10321-123-3, vivo] states, compared with LTE TBCC, tailed convolutional code can reduce decoding complexity while increase the overhead.
-	Source [R1-10321-123-6, 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 [R1-10321-123-26, 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.
-  Source [NOKIA] states, TBCC is prioritized over tailed CC, provided that the decoding complexity is acceptable for device 2b/C.
-  Source [ZTE] states, tailed CC results in a code rate loss, making the code rate less than 1/n, where n is the number of polynomials, TBCC encoding does not require additional complexity or registers compared with tailed CC. And, TBCC encoding has larger code rate compared with Zero-tail CC. 
-  Source [Samsung] states, tailed convolutional codes suffer from reduced spectral efficiency due to zero padding.
For comparison between Coding scheme 1 and Coding scheme 3:
-	Source [R1-10321-123-3, vivo] states RM code suffers performance degradation and larger complexity at least for larger transport block size, without power reduction benefit
-	Source [R1-10321-123-5, CMCC] states, RM code is deprioritized due to the restricted operational range
-	Source [R1-10321-123-6, 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 [R1-10321-123-26, 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 [R1-10321-123-24, 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 [R1-10321-123-25, NTT 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. 
-  Source [ZTE] states the RM codes used for PUCCH in 5G can not satisfy the requirement of A-IoT. 
-  Source [Xiaomi] states, TBCC is corresponding to high decoding complexity at device side than RM. 
-  Source [Samsung] states that RM codes provide limited coding gain for long data lengths and incur exponentially increasing decoding complexity as the input length increases.


If FFC is supported for R2D:
-	Sources [R1-10321-123-3, vivo], [R1-10321-123-5, CMCC], [R1-10321-123-6, Huawei], [R1-10321-123-8, NEC], [R1-10321-123-9, CATT], [R1-10321-123-10, CTC], [R1-10321-123-15, Transsion], [R1-10321-123-16, LGE ], [R1-10321-123-19, Apple], [R1-10321-123-26, TCL], [R1-10321-123-29, Sequans] [R1-10321-123-12, OPPO], [R1-10321-123-17, Panasonic], [R1-10321-123-24, Qualcomm], [NOKIA], [ZTE] [Samsung] and [Sequans] report LTE TBCC (Coding scheme 1) should be supported. Source [FUTUREWEI] report LTE TBCC (Coding scheme 1) can be supported when the number of information bits is small. 
-	Sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-15, Transsion] report tailed CC with same polynomial as LTE TBCC (Coding scheme 2) can be supported. Source [FUTUREWEI] report tailed CC with same polynomial as LTE TBCC (Coding scheme 2) can be supported when the number of information bits is large. 
-	Source [R1-10321-123-24, Qualcomm] reports Reed-Muller coding (Coding scheme 3) can be supported. Source [R1-10321-123-9, CATT] reports Reed‑Muller coding can be supported for L1 control, if L1 control is no larger than 11 bits, otherwise, TBCC is supported.





Agreement:
Update TR 38.769 for interleaving and LTE bit collection for R2D
	[bookmark: _Hlk212563407]Interleaving for PRDCH with FEC and the use of the LTE bit collection scheme with the following candidate methods are studied:
Alt 1: Both the LTE sub-block interleaver and the LTE bit collection scheme are used.
-	Sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-6, Huawei], [R1-10321-123-12, OPPO], [R1-10321-123-9, CATT], [R1-10321-123-16, LGE ] and [R1-10321-123-17, Panasonic] report LTE sub-block interleaver and LTE bit collection scheme can be supported, if FEC is supported. 
-	Source [R1-10321-123-1, 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 [R1-10321-123-6, 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 [R1-10321-123-16, 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 [R1-10321-123-17, 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 [R1-10321-123-24, Qualcomm] states that, Alt 1 and Alt 2 can achieve similar BLER performance, and both require buffering full-length coded bits. 
-	Source [CATT] states that, R2D interleaving performance is correlated with both M (for OOK-4) and K (information bit length) values; the smaller the M and the larger the K, the better the interleaving performance. Alt 1 significantly outperforms Alt 2 and Alt 3, especially for smaller M values and larger information bit lengths.
-	Sources [R1-10321-123-3, vivo], [R1-10321-123-6, Huawei] and [R1-10321-123-25, NTT DOCOMO] state it is feasible to support LTE subblock interleaving and LTE bit collection. 
-	Source [R1-10321-123-3, 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. [vivo] also report that, LTE bit-collection w/ or w/o sub-block interleaving can be implemented with low power consumption (~10 uW), low latency (a few micro seconds), and limited complexity (area of hundreds μm2). Hence, both LTE TBCC with bit collection with or without LTE sub-block interleaving are feasible. 
-	Source [R1-10321-123-6, Huawei] and [R1-10321-123-25, NTT 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 [R1-10321-123-6, 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.
Alt 2: Only the LTE bit collection scheme is used.
-	Sources [R1-10321-123-3, vivo], [R1-10321-123-8, NEC], [R1-10321-123-14, ZTE], [R1-10321-123-16, LGE ], [R1-10321-123-19, Apple] and [R1-10321-123-24, Qualcomm] report LTE bit collection scheme without LTE sub-block interleaver can be supported, if FEC is supported. 
-	Source [R1-10321-123-3, vivo] states that, Alt 1 and Alt 2 presents similar performance; thus Alt 2 is sufficient. Source [vivo] report that, LTE bit-collection w/o sub-block interleaving can be implemented with low power consumption (~10 uW), low latency (a few micro seconds), and limited complexity (area of hundreds μm2). Hence, LTE TBCC without LTE sub-block interleaving is feasible.
-	Source [R1-10321-123-14, 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 [R1-10321-123-16, 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 [R1-10321-123-19, 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 [R1-10321-123-24, Qualcomm] states that, for small number of coded bits, Alt2 can be used to improve interleaving gain
Alt 3: Only an updated bit collection scheme based on the LTE bit collection scheme is used.
-	Source [R1-10321-123-24, Qualcomm] and [R1-10321-123-8, NEC] report that, LTE bit collection scheme with segment can be supported, if FEC is supported. 
-	Source [R1-10321-123-8, NEC] states that, Alt 3 can be adopted if memory size limitation exists in devices
-	Source [R1-10321-123-24, 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 [R1-10321-123-3, vivo], and [R1-10321-123-6, Huawei] and [CATT] state that, Alt 3 degrades performance due to lower time diversity gain compared with Alt 1/2, and [R1-10321-123-3, vivo] observes that, Alt 3 with two segments for 1000 bits TBS also suffers loss compared with block-level repetition.  
-	Sources [R1-10321-123-3, vivo] and [R1-10321-123-6, 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 [R1-10321-123-16, 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
Sources [R1-10321-123-3, vivo], [R1-10321-123-6, Huawei], [R1-10321-123-24, Qualcomm], [R1-10321-123-25, NTT DOCOMO] and [R1-10321-123-14, ZTE] state that it is beneficial to support interleaving to improve coverage by obtaining time diversity gain. 
Source [Huawei] states that it is necessary to support the sub-block interleaver and bit collection scheme to overcome the significant performance loss for large TBS transmissions due to the lack of time diversity gain. With M = 1 and only 1/3 TBCC, it can achieve 160.3m - 319.3m for the target BLER 1% with the case of TX power 33dBm and 20 dB penetration loss. While with M = 1, 1/3 TBCC, sub-block interleaver and LTE bit collection, it can achieve 334.7m -431.3m for the target BLER 1% with the case of TX power 33dBm and 20 dB penetration loss, which shows significant gain for larger TBS transmissions.




Agreement:
Update TR 38.769 for R2D FEC code rate:  
	For Code rate R=1/3:
-	Sources [R1-10321-123-3, vivo], [R1-10321-123-4, Nokia], [R1-10321-123-5, CMCC], [R1-10321-123-6, Huawei], [R1-10321-123-8, NEC], [R1-10321-123-16, LGE ], [R1-10321-123-17, Panasonic], [R1-10321-123-19, Apple], [R1-10321-123-14, ZTE], [R1-10321-123-24, Qualcomm] and [R1-10321-123-26, TCL] state R=1/3 can be supported. 
-	Source [R1-10321-123-5, CMCC] states that, 1/3 code rate is supported when interleaving is not applied. 
-	Source [R1-10321-123-6, Huawei] states that, 1/3 code rate is necessary and feasible, and should be supported due to its performance gain and an increased power consumption for active devices.
-	Source [R1-10321-123-16, LGE ] states that, it is beneficial to reuse the LTE TBCC with a preferred code rate of 1/3 to ensure reliable transmission and reduce specification complexity
-	Source [R1-10321-123-17, Panasonic] states that, for Device C, LTE TBCC with a coding rate of at least 1/3 could be beneficial to support for better coverage. 
-	Source [R1-10321-123-24, Qualcomm] states that, LTE TBCC with a coding rate of 1/3 could achieve better performance than 3 repetitions.
-  Source [CATT] states that, the coding rate of TBCC should be selected between R=1/2 and R=1/3 based on the R2D coverage target. The BLER performance of TBCC with a code rate of 1/3 is significantly better than that of TBCC with a code rate of 1/2, with a gain ranging from 1.14 to 2.32 dB at a BLER of 10⁻¹.
[bookmark: OLE_LINK37]-  Source [Samsung] states that, if FEC is supported for R2D, R=1/3 can be supported because LTE TBCC with code rate 1/3 is a well-established coding scheme and is already used in Rel-19 D2R.
-  Source [Xiaomi] states that additional code rates can be realized by LTE bit collection scheme based on 1/3 TBCC, and the puncturing and repetition ways are not flexible for realizing multiple values of cade rates.
For code rate R=1/2, achieved by puncturing 3rd branch
-	For Code rate R=1/2, sources [R1-10321-123-3, vivo], [R1-10321-123-4, Nokia], [R1-10321-123-8, NEC], [R1-10321-123-9, CATT] and [R1-10321-123-19, Apple] report that R=1/2 can be supported. 
-	Source [R1-10321-123-3, vivo] reports, 1/2 code rate can improve spectrum efficiency and reduce power consumption for decoding. 
[bookmark: OLE_LINK24]-	Source [R1-10321-123-9, 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. [CATT] states that, without LTE interleaving, TBCC codes with coding rate of 1/2 have more than 5dB coding gain over the Manchester code in TDL-C channel with 300ns delay spread, for OOK-4 with M=2, 6, 12 at BLER=10-1. 
-	Sources [R1-10321-123-19, Apple] and [R1-10321-123-8, NEC] state that, 1/2 and 1/3 coding rate as baseline. 
-	Sources [R1-10321-123-1, FUTUREWEI] state that, the performance difference between R=1/2 and R=1/3 is about 2 dB.
-	Source [R1-10321-123-6, 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
[bookmark: OLE_LINK38]-  Source [Samsung] states that, 1/2 coding rate should not be supported because its coding gain is lower than 1/3 and it may even degrade R2D coverage, while its benefit is unclear
For code rate R=1/4, source [R1-10321-123-25, NTT DOCOMO] reports that Code rate of R=1/4 can be achieved by repetition and puncturing based on LTE TBCC with 1/3 code rate.
For code rate R=1/4, obtained by adding a new polynomial for the fourth branch
-	Sources [R1-10321-123-24, Qualcomm], [R1-10321-123-25, NTT DOCOMO] and [R1-10321-123-19, Apple] report that, Code rate R=1/4 obtained by adding a new polynomial for the fourth branch, can be supported. 
-	Source [R1-10321-123-19, Apple] states that, 1/4 coding rate can be considered for extreme coverage scenarios.
-	Source [R1-10321-123-24, 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 [R1-10321-123-1, FUTUREWEI] states that, the performance difference between R=1/3 and R=1/4 is about 1.25 dB.
-	Source [R1-10321-123-3, 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. [vivo] states that, 1/2 code rate with 2 repetitions achieves similar performance of 1/4 mother code rate or even better performance than 1/4 code rate by repetition of bits from virtual circular buffer based on mother code rate 1/3. 
-	Source [R1-10321-123-4, Nokia] states that, 1/4 code rate should be deprioritized since it increases complexity. 
[bookmark: OLE_LINK36]-	Source [CATT] states that, due to its higher decoding complexity and negligible coding gain, 1/4 coding rate should not be considered. 
-  Source [Samsung] states that, 1/4 coding rate derived by repeating TBCC branch outputs should not be supported, because its benefit largely overlaps with R2D block-level repetition. R=1/4 achieved by adding a new coding polynomial should not be supported, because it would impose additional implementation burden at the gNB and require extra specification effort
-  Source [NEC] states that if code rate 1/4 is adopted in both R2D and D2R, same generation method should be applied.
Source [R1-10321-123-1, FUTUREWEI] provide views for above code rates using tailed convolutional code with the same polynomial as LTE TBCC; while other sources provide views for above code rates using LTE TBCC.




Agreement:
Update TR 38.769 for periodic or aperiodic CFO calibration signal transmission
	6A.1.x.3	Transmission
Sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-3, vivo], [R1-10321-123-5, CMCC], [R1-10321-123-6, Huawei], [R1-10321-123-9, CATT], [R1-10321-123-10, CTC], [R1-10321-123-11, Xiaomi], [R1-10321-123-14, ZTE], [R1-10321-123-19, Apple], [R1-10321-123-20, InterDigital], [R1-10321-123-21, MediaTek], [R1-10321-123-23, Quectel], [R1-10321-123-29, Sequans], [R1-10321-123-19, Apple], [R1-10321-123-24, Qualcomm], [R1-10321-123-26, TCL], [R1-10321-123-18, Lenovo] and [R1-10321-123-28, CEWiT] state that the CFO calibration signal is periodically transmitted.
-	Sources [R1-10321-123-3, vivo], [R1-10321-123-5, CMCC], [R1-10321-123-10, CTC] and [R1-10321-123-30, 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 [R1-10321-123-7, Ericsson] also states that the CFO calibration signal can be transmitted in very sparse manner.
-	Sources [R1-10321-123-5, CMCC], [R1-10321-123-6, Huawei], [R1-10321-123-10, CTC], [R1-10321-123-18, Lenovo] and [R1-10321-123-23, Quectel] states that, to support DO-A traffic, periodic CFO calibration signal is needed.
-	Source [R1-10321-123-5, 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 [R1-10321-123-21, MediaTek] and [R1-10321-123-2, Spreadtrum] states that it is beneficial to provide regular opportunities for devices to perform frequency calibration and maintain accurate synchronization with the reader.
-  Source [Samsung] suggest to study the condition that CFO calibration signal transmitted with a specific periodicity.
Sources [R1-10321-123-6, Huawei], [R1-10321-123-9, CATT], [R1-10321-123-11, Xiaomi], [R1-10321-123-14, ZTE], [R1-10321-123-16, LGE ], [R1-10321-123-21, MediaTek], [R1-10321-123-23, Quectel], [R1-10321-123-2, Spreadtrum], [R1-10321-123-18, Lenovo], [R1-10321-123-19, Apple], [R1-10321-123-22, Sharp], [R1-10321-123-24, Qualcomm], [R1-10321-123-27, IITK], [R1-10321-123-13, Samsung] and [R1-10321-123-28, CEWiT] state that the CFO calibration signal can be transmitted aperiodically. In which, Sources [R1-10321-123-6, Huawei], [R1-10321-123-10, CTC], and [R1-10321-123-23, Quectel] state that an aperiodic CFO calibration signal can be considered with periodic CFO calibration signal as baseline.
-	Source [R1-10321-123-6, 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 [Samsung] suggest to study the condition that CFO calibration signal can be together with specific R2D message types (e.g.,paging)
-	Source [R1-10321-123-9, 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 [R1-10321-123-14, ZTE], [R1-10321-123-16, LGE ], [R1-10321-123-18, Lenovo], and [R1-10321-123-21, MediaTek] 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. Source [Qualcomm] states that aperiodic CFO calibration signal may be needed in addition to periodic CFO calibration to ensure the device's CFO calibration accuracy for D2R transmission.
-	Source [R1-10321-123-3, vivo] states that if CFO calibration totally relying on aperiodic signal, the CFO calibration accuracy cannot be guaranteed, which depends on traffic.
-	Source [Samsung] suggest to study the condition that CFO calibration signal transmitted in every R2D transmission.
Source [Panasonic] states that, the synchronization signal transmission can be quasi periodic at reader if these are within the limit on variance and the device is assumed not to use the relation between synchronization signals.




Agreement:
Update TR 38.769 for R2D signal for start indication.
	6A.1.x	R2D timing 
6A.1.x.y	Start of R2D

[omit unchanged part]
Option 1 was found to be feasible and it can be used for timing synchronization/tracking.
-	Source [Samsung] states, due to CFO/SFO drift, sequence-based SIP may not always achieve ideal detection performance.
-	Source [CATT] states for Option 1, the CP handling issue should be considered for the design of R-TAS SIP. The insertion of CP in the binary sequence will seriously affect the detection performance of binary sequence-based SIP if the CP is not removed before correlation-based SIP detector. When the device detects the binary sequence-based SIP, it does not know the location of CP and cannot remove it. For binary sequence-based SIP, it occupies more than a dozen or even dozens of OFDM symbols, it will seriously affects the detection performance of the binary sequence without CP removal and leading to a degradation in the detection performance of the start of the R2D transmission.

Option 2: A SIP as per TS 38.291 [228]
-	Source [R1-10321-123-9, CATT] [CATT] provides 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
-  Reusing Rel-19 SIP will not introduce the CP handling issue. For binary sequence-based SIP, the insertion of CP in the binary sequence will seriously affect the detection performance of SIP.
-  Source [Spreadtrum] states that, the Rel-19 SIP can be reused in Rel-20 without any enhancement. Sequence-based design will increase the complexity for device to perform coherent detection. 
-  Source [Sequans] states that, it is reasonable to expect equal or better detection performance by re-using the existing SIP design, considering that Rel-20 Device 2b/C types will feature improved oscillator stability and processing capability.

-	Sources [R1-10321-123-3 vivo], [R1-10321-123-6 Huawei], [R1-10321-123-24 Qualcomm], [R1-10321-123-14 ZTE], [Xiaomi] and [vivo] provide evaluation results to show R19 SIP cannot be reliably detected.
-	Source [R1-10321-123-3, vivo] and [vivo] shows that R19 SIP does not outperform sequence-based SIP in MDR, even if R19 SIP uses is using sequence correlation detection instead of edge detection in R19. Source [vivo] show that R19 SIP cannot achieve coverage of 500 meters in UMa Scenario. MDR of Rel-19 SIP using edge detection method (with LNA, mixer, IF amplifier/filter, BB amplifier enabled, no power saving benefits) is not even close to meet coverage of 500 meters at 10% MDR. Even if sequence correlation is used for Rel-19 SIP detection, the coverage of 500meters cannot be met at the 10% MDR when BS Tx power is 33dBm.
-	Source [R1-10321-123-24, 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 [R1-10321-123-6, Huawei] shows 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 [R1-10321-123-14, ZTE] provides 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.
-  Source [Xiaomi] states that Sequence-based SIP outperforms Rel-19 SIP with ~6 dB gain at BLER of 10% and ~3dB gain at BLER of 1%.
-  Source [NEC], [Apple], [Sharp] and [Nokia] states that, binary sequence-based SIP is beneficial and necessary to provide better coverage performance for device 2b/C.

In addition to detection performance, observations for power consumption and complexity for these two options were provided. 
-  Source [CATT] states that energy/edge detection-based Rel-19 SIP can significantly reduce the complexity and power consumptions of SIP detection, compared with sequence-based SIP. Source [Samsung] states, sequence-based SIP may introduce increased complexity and higher power consumption compared to Rel-19 SIP.
-  Source [vivo] states that using Rel-19 SIP detection at AIoT device cannot provide power saving benefits.
-  In R19, the reason of low power consumption for SIP detection originated from the inherent low power consumption for device 1, in which there is no LNA, no mixer, no IF Amplifier, no IF-filter, and no BB amplifier in envelop detector, thus the SIP can be detection with low power consumption.
-  For R20 Active device, only (Z)IF-ED receiver is considered, in which LNA, mixer, IF amplifier, IF filters and BB amplifiers are enabled in detector of active device, and these components are most power consuming components in receiver. Device should enable all these power-hungry components to obtain the transition edge for Rel-19 SIP detection.
-  Complexity of sequence correlation in binary-sequence based detection is limited, and the multiplications in sequence correlation are simplified to add operations thanks to binary sequence.
-  Source [Sony] states that binary sequence-based SIP design allows for a lower complexity of the preamble design and lower processing and therefore lower power consumption at the device side
-  Binary sequence-based SIP, m-sequence or Golay sequence, has an advantage over release 19 SIP design as it can be designed such that it can also provide clock acquisition and is used for synchronization purposes, allowing for a one-part low-complexity preamble design. 




Agreement:
Update TR 38.769 for sequence number for binary sequence based R2D SIP, as follows
	6A.1.x.y	Start of R2D
[Omit Unchanged part]
For number of sequences for binary sequence based R2D SIP
-	Sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-3, vivo], [R1-10321-123-4, Nokia], [R1-10321-123-6, Huawei], [R1-10321-123-11, Xiaomi], [R1-10321-123-17, Panasonic], [R1-10321-123-18, Lenovo], and [R1-10321-123-24, Qualcomm] and [LGE] report that multiple sequences can be used for a given length for R2D SIP. 
-	Sources [R1-10321-123-3, vivo], [R1-10321-123-17, Panasonic], [R1-10321-123-18, Lenovo], [Sony] and [LGE] report the purpose of multiple sequences is for reader differentiation, Sources [R1-10321-123-3, vivo] and [R1-10321-123-17, Panasonic] suggest to consider 3 sequences.
-	Source [R1-10321-123-6, 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%. Source [Sony] state that multiple sequences allow for different required coverage range.
-	Sources [R1-10321-123-11, Xiaomi], [R1-10321-123-18, Lenovo] report the purpose of multiple sequences is to indicate parameters of upcoming R2D transmission. [R1-10321-123-11, Xiaomi] [R1-10321-123-18, Lenovo]report that presence of CFO calibration signal can be indicated by SIP sequences, and [R1-10321-123-18, Lenovo] also report that inclusion or exclusion of L1 control information, synchronization signal, or PRDCH, can be indicated by SIP sequences.
-	Source [R1-10321-123-8, NEC] and [ZTE] report that single length and single sequence is beneficial for lower complexity and power consumption.
-	Source [ZTE] report that due to the use of OOK modulation in the downlink, multiple sequences for SIP will not reduce inter cell interference.
-	Source [R1-10321-123-25, NTT DOCOMO] report that device complexity on correlation-based detection for multiple sequences should be considered.
[Omit Unchanged part]




Agreement:
Update TR 38.769 for sequence length for binary sequence based R2D SIP, as follows
	6A.1.x.y  Start of R2D
[omit unchanged part]
For sequence length for binary sequence based R2D SIP
-	Source [R1-10321-123-3, vivo] report that:
-	At least 31-length m-sequence with M=2 and with Manchester coding (i.e., 31 OFDM symbols), is needed for R2D SIP, assuming 38 dBm Tx power and 20 dB penetration.
-	At least 127-length m-sequence with M=2 and with Manchester coding (i.e., 127 OFDM symbols), is needed for R2D SIP, assuming 33 dBm Tx power and 20 dB penetration.
-	Source [R1-10321-123-6, 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%, FAR ≤ 1% and M=1 without Manchester coding.
-	Source [R1-10321-123-19, Apple] report that:
-	Consider m-sequence based SIP with length 15 or 31 to improve detection performance while maintaining reasonable overhead
-	Source [R1-10321-123-24, Qualcomm] report that SIP duration with at least 7 OFDM symbols by using 15-length and M=2 without Manchester coding or 31-length and M=2 with Manchester coding may be needed to achieve required SINR for PRDCH.
-	Source [R1-10321-123-8, NEC] report that single length and single sequence is beneficial for lower complexity and power consumption.
-	Source [R1-10321-123-14, 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. Source [ZTE] report that 16-length sequence has 2-4dB performance gain @BLER = 0.1 compared with 8-length sequence, and the maximum sequence length of R2D SIP is determined based on R20 coverage target.
-	Source [Xiaomi] report that the sequence type can be m-sequence and the sequence length can be 7.
[omit unchanged part]




Agreement:
Update TR 38.769 for sequence type for binary sequence based R2D SIP, as follows
	6A.1.x.y  Start of R2D
For the functionality of indicating the start of the R2D transmission containing PRDCH, the following options are studied.
Option 1: A binary sequence-based SIP, where the candidate sequence types are as follows:
Option 1-1: m-sequence
-	Sources [R1-10321-123-3, vivo], [R1-10321-123-12, OPPO], [R1-10321-123-19, Apple], [R1-10321-123-20, InterDigital], [R1-10321-123-24, Qualcomm] and [R1-10321-123-16, LGE] [Xiaomi] and [NEC]report that m-sequence can be considered as binary sequence for R2D SIP, with the following observations:
-	Source [R1-10321-123-3, 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 [R1-10321-123-20, InterDigital], [R1-10321-123-16, LGE ] and [R1-10321-123-24, Qualcomm] state that m-sequence design can be expected to be implemented with lower complexity than a Golay sequence. Source [R1-10321-123-24, Qualcomm] further state that m-sequences can be generated by storing the initialization state of the polynomial, reducing memory requirements.
Option 1-2: Golay sequence
-	Sources [R1-10321-123-6, Huawei], [R1-10321-123-24, Qualcomm], [R1-10321-123-25, NTT DOCOMO], [R1-10321-123-16, LGE ], [NEC] report that Golay sequence can be considered as binary sequence for R2D SIP, with the following observations:
-	Source [R1-10321-123-6, Huawei] states that Golay sequence achieves lower operational and correlation complexity compared with m-sequence.
-	Source [R1-10321-123-25, NTT DOCOMO] states that Golay sequence with flexible sequence length may be beneficial for alignment with the OFDM symbol boundary.
-	Sources [R1-10321-123-24, Qualcomm] and [R1-10321-123-16, LGE ] states that Golay-sequence offers slightly better cross-correlation than m-sequence, and source [R1-10321-123-24, Qualcomm] further states cross-correlation depends on the choice of Golay pairs, and Golay sequences may be programmed into devices.
-	Sources [R1-10321-123-24, Qualcomm] and [R1-10321-123-20, InterDigital] provide evaluation results showing that m-sequence and Golay sequence shows similar MDR/FAR and correlation property. [R1-10321-123-25, NTT DOCOMO] states that both m-sequence and Golay sequence have good auto-correlation property. Source [ZTE] report that Different sequences with same length have similar performance @BLER = 0.01.
Source [Docomo] states that the sequence of SIP should be distinguishable from other R2D in case the sequence length is short.
[omit unchanged part]




Agreement:
Update TR 38.769 on whether to apply manchester coding to binary sequence based R2D SIP
	6A.1.x.y  Start of R2D
[omit unchanged part]
Regarding whether to apply Manchester coding to the binary sequence-based SIP, sources [R1-10321-123-3, vivo], [R1-10321-123-10, CTC], [R1-10321-123-24, Qualcomm] and [R1-10321-123-30, Sony] report that Manchester coding can be applied to binary sequence for R2D SIP
-	Source [R1-10321-123-3, vivo] and [R1-10321-123-24, Qualcomm] state that sequence Manchester coding achieves similar MDR and timing performance. 
-	Source [R1-10321-123-3, 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 [R1-10321-123-24, 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 [R1-10321-123-30, 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 [R1-10321-123-3, 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.
Sources [Huawei] [Xiaomi] [LGE] and [ZTE] report that Manchester coding is not applied to binary sequence for R2D SIP
-	Source [Huawei] state that Golay sequence with Manchester encoding with M = 2 yield ~1 dB performance loss when compared with same length Golay sequence without Manchester encoding with M = 1; and Golay sequence with Manchester encoding with M = 2 has very close residual timing error performance with the same length Golay sequence without Manchester encoding with M = 1.
-	Source [Huawei] state that Removing Manchester encoding from the R2D SIP before performing correlation with the original sequence will increase the complexity of the device.
-	Xiaomi states that for a same sequence, applying Manchester coding to the sequence-based SIP will consume twice the time domain resources to without Manchester.
-	ZTE states that, if correlation-based detection is used for SIP, Manchester coding provides no benefit in decoding performance and limits the selection of sequences, although 8-length sequence with Manchester coding has similar performance as 16-length sequence without Manchester coding..
-	Source [R1-10321-123-1, FUTUREWEI] and [LGE] states that the disadvantages of applying Manchester coding include increasing complexity and decreasing the number of sequences. 
[omit unchanged part]




Agreement:
Update TR 38.769 on SFO calibration
	6A.1.x.y  SFO calibration
[bookmark: _Hlk212563738]It is reported by sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-2, Spreadtrum], [R1-10321-123-3, vivo], [R1-10321-123-6, Huawei], [R1-10321-123-10, CTC], [R1-10321-123-9, CATT], [R1-10321-123-13, Samsung], [R1-10321-123-14, ZTE], [R1-10321-123-26, TCL], [R1-10321-123-24, Qualcomm], [R1-10321-123-25, NTT DOCOMO], and [R1-10321-123-23, Quectel] and [LGE] that SFO calibration is necessary for device 2b. And it is reported by sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-2, Spreadtrum], [R1-10321-123-6, Huawei], [R1-10321-123-9, CATT], [R1-10321-123-26, TCL], [R1-10321-123-24, Qualcomm], [R1-10321-123-25, NTT DOCOMO], and [R1-10321-123-23, Quectel] and [LGE] that SFO calibration is necessary for device C.
The functionality of SFO calibration using the following options is studied:
Option 1: CAP defined in TS 38.291 [228] and/or Manchester encoding.
-	Sources [R1-10321-123-9, CATT], [R1-10321-123-13, Samsung], [R1-10321-123-19, Apple], [R1-10321-123-23, Quectel], and [R1-10321-123-26, TCL], [LGE] and [Ericsson] report that SFO is feasible and can be achieved by reusing CAP.
-	Sources [R1-10321-123-2, Spreadtrum], [R1-10321-123-6, Huawei], [R1-10321-123-12, OPPO], [R1-10321-123-13, Samsung], [R1-10321-123-14, ZTE], [R1-10321-123-19, Apple], and [R1-10321-123-23, Quectel] [LGE] and [Ericsson] state that the SFO calibration is feasible and can be achieved by Manchester coding for PRDCH. Additionally, source [R1-10321-123-6, Huawei] state that this method applies to device 2b.
Option 2: A sequence-based SIP.
-	Sources [R1-10321-123-3, vivo], [R1-10321-123-8, NEC], [R1-10321-123-10, CTC], and [R1-10321-123-14, ZTE] and [LGE] report that SFO calibration is feasible and can be achieved by receiving sequence-based SIP.
Option 3: A CFO calibration signal.
-	Sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-2, Spreadtrum], [R1-10321-123-6, Huawei], [R1-10321-123-9, CATT], [R1-10321-123-12, OPPO], [R1-10321-123-19, Apple], [R1-10321-123-24, Qualcomm], [R1-10321-123-23, Quectel], [R1-10321-123-30, Sony] and [R1-10321-123-25, NTT DOCOMO] report that SFO calibration is feasible and can be achieved by CFO calibration signal. Additionally, source [R1-10321-123-6, Huawei] state that this method applies to device C.




R1-2600488	FL summary #2 on AI 9.3.2.1 R2D Aspects for R20 AIoT	Moderator (vivo)

Agreement: 
AIoT device assumes the centre of the frequency resource used for the transmission of R-TAS, L1 R2D control information and corresponding data payload of PRDCH by the reader are the same.

Agreement:
Capture the following diagram to TR 38.769 to illustrate the Channel coding before R2D block level repetition in PRDCH generation.
[image: ]

Agreement:
For sequence design for periodic synchronization signal, capture the following in TR38.769
---
Regarding sequence type for periodic synchronization signal
· Source [vivo] and [CATT] state, that m sequence can be considered as sequence type for periodic sync signal.
· Source [Ericsson] states, a set of unique patterns of the binary sequences can be used for periodic sync signal
· Source [Apple] states that, M-sequence with length 31 should be considered as baseline for periodic synchronization signal, with Manchester coding applied for SFO tracking.
· Source [Docomo] states that, for sequence type of R2D synchronization signal for frequency synchronization, m sequence or Golay sequence with good auto-correlation property should be considered.
· Source [R1-10321-123-6, Huawei] state that the periodic synchronization signal is binary sequence-based, using a Golay sequence with good auto-correlation characteristic and low correlation complexity, with a fixed maximum length, in order to reduce the blind detection effort by the device for the time and frequency synchronization.
Regarding sequence length for periodic synchronization signal
· Source [vivo] states that, for sequence length of periodic sync sequence, to achieve target coverage for outdoor scenario.
· The m-sequence with length 31 with Manchester coding using M=2, occupied 31 OFDM symbols can be considered for periodic sync sequence, assuming 38 dBm Tx power and 20 dB penetration.
· The m-sequence with length 127 with Manchester coding using M=2, occupied 127 OFDM symbols can be considered for periodic sync sequence, assuming 33 dBm Tx power and 20 dB penetration.
· Source [Qualcomm] states that, for R2D synchronization signal (SS), Device 2b requires a longer length than Device C because of its larger initial SFO/CFO.
· For Device C with initial SFO/CFO of 50ppm
· The SS sequence with 7.5 symbols (with 63-length m-sequence and M=2) can achieve MD of 10% at an SNR lower than PRDCH with 20bit+6bit CRC, M=2, TBCC 1/3 (e.g., for R2D L1 control).
· For Device 2b with an initial SFO/CFO of 1000ppm,
· The SS sequence with 31.5 symbols (with 15-length m-sequence and M=2) can achieve MD of 10% at an SNR lower than PRDCH with 20bit+6bit CRC, M=2, TBCC 1/3 (e.g., for R2D L1 control).
· Source [R1-10321-123-6, Huawei] state that the periodic synchronization signal should be the maximum length e.g., 256 for the binary sequence to guarantee all the devices with the maximum coverage distance can access the network.

Regarding the number of sequences for periodic synchronization signal
· Sources [R1-10321-123-3, vivo], [R1-10321-123-5, CMCC], [R1-10321-123-7, Ericsson], [R1-10321-123-9, CATT] and [R1-10321-123-24, Qualcomm] report that a predefined number, e.g., 3~4 sequences can be considered for reader differentiation
· Source [CATT] states that, the reader identification information, which indicates the identifier of the reader, should be carried by R2D synchronization signal. The number of binary sequence(s) of R2D synchronization signal should be equal to 4 for reader identification.
· Source [vivo] states that, it is benificial to consider m-sequence with ~3 sequences for reader differentiation
· Sources [R1-10321-123-6, Huawei], [R1-10321-123-8, NEC], [R1-10321-123-5, CMCC] and [R1-10321-123-21, MTK] report that Single sequence can be considered. 
· Source [Huawei] further state that if multiple sequences of the periodic synchronization signal are used, it will increase the complexity and power consumption of the device.
· Source [ZTE] states that, the blind decoding using multiple 8-length sequences has ~2dB performance loss compared with single-sequence detection. The necessity of synchronization signal with multiple sequences needs to be discussed.
· Source [Docomo] states that, for the number of sequences of R2D synchronization signal for frequency synchronization, device complexity on correlation-based detection should be considered assuming that device performs correlation-based detection to detect the signal on multiple candidate frequencies at least for initial frequency acquisition.
---


Agreement:
Update TR 38.769 on how the L1 R2D control information is transmitted
	6A.1.x.4	FEC and repetition
Regarding FEC and repetition for L1 R2D control part, sources [R1-10321-123-3, vivo], [R1-10321-123-12, OPPO], [R1-10321-123-5, CMCC], [R1-10321-123-1, FUTUREWEI], [R1-10321-123-8, NEC], [R1-10321-123-9, CATT], [R1-10321-123-10, CTC], [R1-10321-123-14, ZTE], and [R1-10321-123-24, Qualcomm], and [Huawei] report that FEC and repetition can also be applied to L1 R2D control information. Source [R1-10321-123-6, Huawei] state that repetition is needed for L1 R2D control information.  Source [R1-10321-123-1, FUTUREWEI] and [R1-10321-123-9, CATT] report that FEC can be applied to L1 R2D control information.
Sources [R1-10321-123-3, vivo], [R1-10321-123-5, CMCC], [R1-10321-123-8, NEC], [R1-10321-123-12, OPPO], [R1-10321-123-10, CTC], [R1-10321-123-14, ZTE] and [R1-10321-123-24, Qualcomm] report methods to determine FEC, repetition related parameters for L1 R2D control information, if FEC/repetition is supported for L1 control. 
-	Sources [R1-10321-123-3, vivo], [R1-10321-123-5, CMCC], [R1-10321-123-8, NEC], [R1-10321-123-14, ZTE] and [R1-10321-123-24, Qualcomm] report that the parameters for repetition and FEC for L1 R2D control information can be pre-configured, e.g., by broadcast information. [R1-10321-123-12, OPPO] report that these parameters should be pre-known by device.
-	Sources [R1-10321-123-8, NEC] and [R1-10321-123-10, CTC] states that parameters for repetition and FEC for L1 R2D control information can be fixed and pre-defined. Source [R1-10321-123-8, NEC] also state that these parameters can be indicated by a set of different binary sequences with fixed or variable length for indication. Source [R1-10321-123-8, NEC] report that a separate interleaving is needed for L1 R2D control.
-  Source [Huawei] state that The FEC and repetition parameters of the L1 R2D control information of the SIB-like broadcast information is predefined or indicated by the MIB-like broadcast information. The FEC and repetition parameters of the L1 R2D control information after the SIB-like broadcast information is indicated by the SIB-like broadcast information.

6A.1.x.5	Payload size of control
Sources [R1-10321-123-3, vivo], [R1-10321-123-12, OPPO], [R1-10321-123-7, Ericsson], and [R1-10321-123-19, Apple], and [LGE] report that device only detects one payload size at a given time. And [R1-10321-123-3, vivo] also report that up to two payload sizes can be considered and detected by preamble. Source [Qualcomm] state that two different sizes for L1 control can be considered for unicast and non-unicast. Source [Xiaomi] states that only one payload size for L1 control information should be considered to reduce the reception complexity.
Source [Huawei] state that the size of the L1 control information is 10~12 bits considering at least the FEC code rate, repetition number and TBS. Source [Samsung] state that R2D L1 control information is variable, and within 24 bits for 6-bit CRC attachment. Source [ZTE] state that L1 control occupies one or multiple full OFDM symbols.
                           [Omit unchanged part]
6A.1.x.7	CRC
R2D control information with a separate CRC from data is studied.
Source [R1-10321-123-1, FUTUREWEI] states that, for separate CRC on the L1 R2D control information, when the size of the L1 R2D control information is 24 bits or less, the existing CRC6 specification can be reused, if the size of the L1 R2D control information is between 25 and 57 bits, the existing CRC6 polynomial can be reused without impact to the undetected error rate.
Sources [R1-10321-123-11, Xiaomi], and [R1-10321-123-19, Apple], [Huawei] and [LGE] state that how to attach the separate CRC for L1 R2D control information needs to be considered, and a fixed length (equal to or larger than 16) of CRC is required to ensure the reliability and avoid unnecessary blind detection for L1 R2D control information.
Source [Ericsson], [vivo], [Qualcomm] and [TCL] suggest to use the same rule as R19, 6 bits for < 25 TBS and 16 bits otherwise. Source [vivo] state that this provides sufficient CRC protection and reasonable overhead. Source [Samsung] suggest to always use 6 bits, assuming no larger than 24 bits payload for L1 control information.




Agreement:
Update TR 38.768 on whether L1 R2D control information and data payload of PRDCH are contiguous in time
	6A.1.x.2  Time location
L1 control information precedes the data payload of the PRDCH.
Option 1: L1 R2D control information and data payload of PRDCH are contiguous in time.
-	Sources [R1-10321-123-13 Samsung] and [R1-10321-123-19, 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. [R1-10321-123-19, Apple] further report that this simplifies the timeline design.
-	Sources [R1-10321-123-3, vivo] and [R1-10321-123-8, NEC] report that the time gap is not long enough to introduce gap between L1 R2D control information and data payload. Sources [R1-10321-123-6, Huawei], [R1-10321-123-8, 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. Source [vivo] provide the analysis with reference show that the decoding latency of L1 control signaling (assuming ~30bits payload size) is a few tens of us, less than one OFDM symbol. The memory required for buffer signal during one OFDM symbol is limited(~2000bits), and feasible even for passive device, according to product datasheet, and also feasible for active device.
-	Sources [R1-10321-123-3, vivo], and [R1-10321-123-14, ZTE], [Spreadtrum] and [CATT] report that L1 R2D control transmitted in the same frequency as data payload in PRDCH, and time gap is not needed.
-	Source [R1-10321-123-16, 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. Source [vivo] state that different chip length for L1 control and data part does not require clock rate change.
Option 2: L1 R2D control information and data payload of PRDCH are not contiguous in time.
-	Sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-7, Ericsson] and [R1-10321-123-11, 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 [R1-10321-123-5, CMCC] state that, L1 R2D control and data payload are transmitted in separated physical channel, hence they are not contiguous.
-	Source [R1-10321-123-12, OPPO] state that, time gap is needed to switch the frequency if L1 R2D control is transmitted in different frequency from data payload.
-	Source [R1-10321-123-1, FUTUREWEI], [R1-10321-123-16] 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 [R1-10321-123-24, Qualcomm] report that, if there is a gap, midamble can be inserted between L1 R2D control information and data payload. 
-	Source [interDigital] and [Quectel] time gap is needed for flexibility for R2D data payload transmission in time.
Factors affecting the choice between the above options were reported as follows:
-	Whether device buffers data part before finishing L1 control decoding, as reported by sources [R1-10321-123-3, vivo], [R1-10321-123-6, Huawei], [R1-10321-123-13, Samsung], [R1-10321-123-2, Spreadtrum], [R1-10321-123-25, NTT DOCOMO], [R1-10321-123-5, CMCC], [R1-10321-123-12, OPPO], [R1-10321-123-7, Ericsson], [R1-10321-123-24, Qualcomm], [R1-10321-123-8, NEC], [R1-10321-123-4, Nokia], [R1-10321-123-11, Xiaomi], [R1-10321-123-14, ZTE] and [R1-10321-123-19, Apple].
-	Sources [R1-10321-123-3, vivo], [R1-10321-123-6, Huawei], [R1-10321-123-13, Samsung], [R1-10321-123-2, Spreadtrum], [R1-10321-123-25, NTT DOCOMO], [R1-10321-123-8, NEC] and [R1-10321-123-14, 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 [R1-10321-123-6, Huawei] further state that the time gap would increase the power consumption of the device.
-	Sources [R1-10321-123-5, CMCC], [R1-10321-123-12, OPPO], and [R1-10321-123-11, Xiaomi], [Nokia], [interDigital], [Sony] and [Quectel] 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 [R1-10321-123-12, OPPO], and [R1-10321-123-4, Nokia], and [Quectel].
-	Whether chip duration (M value) is different for L1 R2D control information and data payload, which is reported by sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-6, Huawei] and [R1-10321-123-16, LGE ]
-	Whether L1 R2D control information and data payload are separate channel, as reported by source [R1-10321-123-5, CMCC]
-	Whether CFO calibration signal is placed between L1 R2D control information and data payload, as reported by [R1-10321-123-18, Lenovo].
-  Whether flexibility for time location for PRDCH data payload in relation to L1 R2D control information is necessary, as reported by [R1-10321-123-18, Lenovo], [vivo], [interDigital] and [Quectel].




Agreement:
Update TR 38.769 for whether L1 control and data payload is transmitted in the same PRDCH, or Separate PRDCH.
	6A.1.x.6  Physical channel
No new R2D physical channel for L1 R2D control information is introduced.
Sources [R1-10321-123-3, vivo], [R1-10321-123-24, Qualcomm], [R1-10321-123-6, Huawei], [R1-10321-123-13, Samsung], [R1-10321-123-1, FUTUREWEI], [R1-10321-123-25, NTT DOCOMO], [R1-10321-123-8, NEC], [R1-10321-123-16, LGE ], [R1-10321-123-19, Apple], and [R1-10321-123-20, InterDigital] and [Spreadtrum]state that L1 R2D control is transmitted in the same PRDCH carries data payload for simplicity for standard and device. 
-	[R1-10321-123-6, Huawei] states if L1 control and data are in different PRDCH, the time relationship design is complicated and the device needs to buffer the L1 control information for a long time which is hard for the device to implement.
-  Source [NEC] state that the coding/repetition scheme for the control information is like the data payload, and also no specific reference RS would be dedicatedly introduced for the control information.
Sources [R1-10321-123-14, ZTE], [R1-10321-123-5, CMCC], [R1-10321-123-15, Transsion], [R1-10321-123-17, Panasonic], and [R1-10321-123-21, MediaTek] and [Xiaomi] state that L1 R2D control information is transmitted in a separate PRDCH
-	Source [R1-10321-123-14] report that, L1 R2D control information is encoded separately, it is more appropriate to transmit L1 R2D control information on a separate PRDCH
-	Sources [R1-10321-123-5, CMCC] and [R1-10321-123-15, Transsion] state that, defining a new PRDCH format to carry L1 R2D control information only is more efficient for scheduling and resource utilization. 
-	Source [R1-10321-123-17, Panasonic] state that, L1 control information is transmitted in separated PRDCH since control part would require higher reliability, and one control information could be used for multiple PRDCH transmissions.
-  Source [Xiaomi] state that separated transmission should be adopted if option 2(non-contiguous) for time location of L1 R2D control information and R2D data payload.




Agreement:
Update TR38.769 on chip duration determination for data payload
	6A.1.x.y.1	Chip duration of data payload
The chip duration determination of the data payload in the PRDCH and the L1 control information are studied. The following options are studied for the functionality of the chip duration determination of the data payload in the PRDCH:
Option 1-data: The chip duration of the corresponding L1 R2D control information is used.
[omit unchanged part]
Option 2-data: The chip duration indicated by the corresponding L1 R2D control information is used.
-	Sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-3, vivo], [R1-10321-123-5, CMCC], [R1-10321-123-7, Ericsson], [R1-10321-123-8, NEC], [R1-10321-123-10, CTC], [R1-10321-123-11, Xiaomi], [R1-10321-123-14, ZTE], [R1-10321-123-16, LGE ], [R1-10321-123-17, Panasonic],[R1-10321-123-25, NTT DOCOMO], [R1-10321-123-19, Apple], [R1-10321-123-24, Qualcomm], and [R1-10321-123-28, CEWiT], and [CATT] report that, chip duration of the data payload in the PRDCH indicated by the corresponding L1 R2D control information, have the following benefits:
[omit unchanged part]
-	Sources [R1-10321-123-19, Apple] and [R1-10321-123-7, Ericsson] state that this option provides flexibility to adapt to different coverage conditions or message types, with [R1-10321-123-7, Ericsson] states this option provides benefits for PRDCH like Msg2 and Msg4.
Source [ZTE] state that the chip duration of an R2D data payload without L1 control (if supported), if present, is a fixed value.




Agreement:
Update TR 38.769 for content in L1 R2D control information.
	6A.1.x	R2D control information
6A.1.x.1  Content
In addition to TBS for PRDCH data payload, the following L1 R2D control information, which potentially can be indicated to the device, is studied:
-	M value for PRDCH data payload chip duration, as reported by [R1-10321-123-3, vivo], [R1-10321-123-24, Qualcomm], [R1-10321-123-5, CMCC], [R1-10321-123-12, OPPO], [R1-10321-123-1, FUTUREWEI], [R1-10321-123-7, Ericsson], [R1-10321-123-25, NTT DOCOMO], [R1-10321-123-4, Nokia], [R1-10321-123-8, NEC], [R1-10321-123-9, CATT], [R1-10321-123-10, CTC], [R1-10321-123-11, Xiaomi], [R1-10321-123-14, ZTE], [R1-10321-123-15, Transsion], [R1-10321-123-16, LGE ], [R1-10321-123-17, Panasonic], [R1-10321-123-19, Apple], [R1-10321-123-20, InterDigital], [R1-10321-123-26, TCL] and [R1-10321-123-28, CEWiT].
-	On the other hand, sources [R1-10321-123-2, Spreadtrum], [R1-10321-123-6, Huawei], [R1-10321-123-7, Ericsson] and [R1-10321-123-29, Sequans] suggest to use same chip duration between L1 R2D control information and data payload, hence M value indication is not needed in L1 R2D control.
-	Repetition/FEC related parameters for PRDCH data payload, as reported by sources [R1-10321-123-3, vivo], [R1-10321-123-24, Qualcomm], [R1-10321-123-6, Huawei], [R1-10321-123-5, CMCC], [R1-10321-123-12, OPPO], [R1-10321-123-1, FUTUREWEI], [R1-10321-123-2, Spreadtrum], [R1-10321-123-7, Ericsson], [R1-10321-123-25, NTT DOCOMO], [R1-10321-123-8, NEC], [R1-10321-123-9, CATT], [R1-10321-123-10, CTC], [R1-10321-123-14, ZTE], [R1-10321-123-15, Transsion], [R1-10321-123-16, LGE ], [R1-10321-123-19, Apple], [R1-10321-123-20, InterDigital], [R1-10321-123-26, TCL], and [R1-10321-123-28, CEWiT], and [Quectel], if Repetition/FEC is supported for R2D. 
-	Timing related information for PRDCH data payload, as reported by sources [R1-10321-123-24, Qualcomm], [R1-10321-123-5, CMCC], [R1-10321-123-12, OPPO], [R1-10321-123-4, Nokia], [R1-10321-123-15, Transsion], [R1-10321-123-16, LGE ], [R1-10321-123-20, InterDigital] and [R1-10321-123-28, CEWiT], considering potential need of gap between L1 R2D control and corresponding data payload. 
-	On the other hand, sources [R1-10321-123-3, vivo], [R1-10321-123-6, Huawei], [R1-10321-123-13, Samsung], [R1-10321-123-2, Spreadtrum], [R1-10321-123-25, NTT DOCOMO], [R1-10321-123-8, NEC] and [R1-10321-123-14, ZTE] state that, this information is not included in L1 R2D control, because of no need of gap between L1 R2D control and corresponding data payload. 
-	Timing gap between R2D and the corresponding D2R transmission, as reported by [R1-10321-123-24, Qualcomm]
-	Frequency resource for PRDCH data payload, as reported by sources [R1-10321-123-7, Ericsson], [R1-10321-123-23, Quectel] and [R1-10321-123-28, CEWiT], if FDM for R2D is supported. 
-	Message types/Functional indication, as reported by Sources [R1-10321-123-24, Qualcomm], [R1-10321-123-3, vivo], [R1-10321-123-12, OPPO], [R1-10321-123-13, Samsung], [R1-10321-123-1, FUTUREWEI], [R1-10321-123-4, Nokia], [R1-10321-123-11, Xiaomi], [R1-10321-123-14, ZTE] and [R1-10321-123-5, CMCC], for the purpose of early termination of R2D detection. Source [Qualcomm] state that it can be used to indicate which system information is transmitted. Besides, source [Samsung] state that if message type is included in L1 R2D control information, TBS is not necessary to be explicitly indicated in L1 R2D control information.
-	ID related information, which potentially include at least one of reader ID, device ID or Transaction ID related information
-	ID related information associated with device(s)
-	Sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-3, vivo], [R1-10321-123-24, Qualcomm], [R1-10321-123-12, OPPO], [R1-10321-123-13, Samsung] and [R1-10321-123-26, TCL] state that, ID related information associated with device(s), indicating for which device or group of devices the upcoming data is intended, can be included in L1 R2D control for early termination. 
-	Reader ID related information, if needed, as reported by source [R1-10321-123-24, Qualcomm].
-	Indication of next R2D transmission, as reported by source [R1-10321-123-1, FUTUREWEI], [Quectel] and [Panasonic], used to indicate when the next R2D transmission. Source [R1-10321-123-1, FUTUREWEI] state that the indication can help non-intended devices have the opportunity to harvest energy. Source [Panasonic] states that starting time for PRDCH for multi PRDCH scheduling should be indicated.
-  D2R resources to send ACK/NACK feedback for unicast R2D command reception, as reported by source [Qualcomm].
-  Frequency adjustment information indicated to AIoT device for CFO calibration, as reported by source [vivo].
-  Indicator relevant to DO-A access, as reported by source [Nokia]. And Indicator relevant to first D2R of scheduling request for DO-A, as reported by source [Lenovo].
-  Indication of round number in access trigger, as reported by [Qualcomm].




Agreement:
Capture the following in TR38.769
---
Regarding the necessity and feasibility on scrambling for PRDCH, 
[Negative to apply scrambling]
· Source [R1-10321-123-3, vivo] states that, it is unnecessary to support scrambling for PRDCH, as interference randomization is limited for OOK modulation with Manchester coding. 
· Source [R1-10321-123-3, vivo] states that, continuous 1s or 0s cannot be effectively reduced by scrambling, while Manchester coding can guarantee no larger than 2 continuous 1s or 0s and simplify gNB transmission power adjustment. Source [vivo] states that Manchester coding already guarantees no larger than 2 continuous 1s or 0s.
· Source [R1-10321-123-6, Huawei] states that, R2D scrambling should not be supported since it cannot work for intra-frequency interference handling as the receiver cannot detect the signals received from multiple readers of the same frequency locations.
· Source [R1-10321-123-9, CATT] and [R1-10321-123-11, Xiaomi] state that, for PRDCH, scrambling should not be supported to avoid increasing A-IoT complexity and power consumption.
· Source [Xiaomi] states that, the scrambling for PRDCH is unnecessary for interference randomization and continuous 1s or 0s avoidance, and should be deprioritized.
[Positive to apply scrambling]
· Source [R1-10321-123-12, OPPO], [R1-10321-123-25, Docomo], [R1-10321-123-26, TCL], [R1-10321-123-13, Samsung], [R1-10321-123-24, Qualcomm] and [IITK] state that, scrambling should be applied to R2D transmissions for mitigating interference among R2D transmissions from different readers.
· Source [R1-10321-123-24, Qualcomm] states that, it is feasible and necessary to apply PRDCH scrambling for interference randomization and inter-cell interference reduction, especially for dense deployments with frequency reuse. Scrambling sequences can be initialized using parameters like reader ID, device ID or partial ID for PRDCH, which can be implemented efficiently even in constrained devices. The scrambling can be applied to the bits after coding and repetitions.
· Source [R1-10321-123-7, Ericsson] states that, R2D scrambling is necessary to reduce inter-cell interference and ensure statistical uniformity, preventing long runs of identical bits and improving clock recovery. R2D scrambling is feasible, requiring only a small LFSR and one XOR per bit , leading to negligible hardware complexity.
---


Agreement:
It is feasible to support R2D FEC and block level repetition for R20 AIoT.

Check
Agreement:
It is necessary to support R2D FEC and/or block level repetitions for AIoT device in R2D to achieve maximum coverage (e.g., [200 m with/without penetration loss] for Device 2b, [500 m with/without penetration loss] for Device C) as observed in [Refer the TP on Necessity of R2D FEC], and it can be enabled under certain condition.
· This does not preclude reader to disable FEC and/or block level repetition.


Agreement:
Update TR38.769, on R2D multiplexing, as follows
	FDM for R2D from the same reader is studied, considering the complexity of a device required to support FDM, and how a device determines the frequency resource to receive the FDMed R2D transmissions.
In assessing feasibility of such FDM:
-	Sources [R1-10321-123-1, FUTUREWEI], [R1-10321-123-2, Spreadtrum], [R1-10321-123-6, Huawei, HiSilicon] , [ZTE], [InterDigital (R1-2507754)] and [R1-10321-123-25, NTT DOCOMO] state that R2D FDM is feasible for Device 2b and for Device C, considering device equipped with IF/ZIF filters at the receiver.
-	Source [R1-10321-123-7, Ericsson] states that the total number of PRBs required to multiplex devices using FDM needs to be defined. Source [Ericsson] further states that if multiplexing UEs using FDM requires a larger transmission bandwidth (ergo channel bandwidth) than in Rel-19, then to minimize the specification impacts, the smallest channel bandwidths available in NR i.e., 3 MHz CBW (15-PRBs) and 5 MHz CBW (25-PRBs) can be considered.
-	Source [vivo] states when AIoT R2D bandwidth is less than 4 RBs, it is not feasible to support R2D FDM for device 2b with large residual CFO, i.e., 100ppm.
[Omit Unchanged part]
Regarding how a device determines the frequency resource for receiving one of the FDMed R2D transmissions:
-	Sources [R1-10321-123-1 FUTUREWEI], [R1-10321-123-6 Huawei, HiSilicon] [R1-10321-123-2 Spreadtrum] and [R1-10321-123-24 Qualcomm] state that the frequency resource of synchronization signal, CFO calibration signal or broadcast information need to be fixed or predefined. 
-	Sources [R1-10321-123-6 Huawei, HiSilicon], [R1-10321-123-2 Spreadtrum], [R1-10321-123-24 Qualcomm], [R1-10321-123-25 NTT DOCOMO], [R1-10321-123-8 NEC], [R1-10321-123-14 ZTE], [Xiaomi] and [R1-10321-123-12 OPPO] state that some of R2D transmissions e.g., L1 control information or a R2D transmission other than sync signal or broadcast information can determine their frequency resources based on the indication.
-	Source [R1-10321-123-12 OPPO] state that the frequency resource for data payload is indicated by corresponding L1 R2D control.
-	Source [R1-10321-123-8 NEC] and [R1-10321-123-25 NTT DOCOMO] state that the frequency resource of a R2D transmission can be associated with the previous corresponding D2R transmission.
-	Source [R1-10321-123-8 NEC] state that the exact frequency resource/channel for a R2D transmission can be associated with a specific coverage level from a set of candidates R2D frequency resources preconfigured.
-	Source [Sharp] states that a Device 2b or Device C is not required to receive more than one of the FDM’ed R2D transmissions.
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9.3.2.2 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.

R1-2601453	FL Summary #1 for 9.3.2.2. D2R signals, channels, waveform and procedures	Moderator (Qualcomm)

Agreement:
Update previous agreement from RAN1#123 as follows.
---
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][IITK][Oppo] 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][LGE] 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][Oppo][LGE] 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.
· [E///][IITK][QC][Apple][Samsung][Xiaomi] reported 1SB is spectrum efficient than 2SB, but it is more complex requiring precise filtering.
· [TCL] reported that single sideband output might require the device to have an I/Q modulator or a filtering mechanism to suppress the image frequency.
· [ID] reported that implementing such a sharp filter for generating 1SB signal would not be practical for AIoT devices.
· [CATT] reported that based on the ability of Device 2b/C, the 1SB modulation should be considered to improve the spectrum utilization.
· 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][IITK] 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.
· [E///][IITK][QC][Samsung] reported that 2SB is simpler to implement/demodulate, yet requires larger bandwidth resulting lower spectral efficiency compared to 1SB.
· [Apple] reported that 2SB transmission provides optimal balance between implementation complexity and spectral efficiency
---

Agreement:
Capture following companies’ observations on small frequency shift for active devices.
---
Multiple sources have provided views on sinewave based SFS for Rel-20 in aspects including implementation, LO tuning, relation to 1SB with SFS, etc. 
[vivo] reported that, for “2SB without SFS” and “1SB with SFS”, whether to have SFS or not is an implementation issue and 2SB with SFS has the worst spectrum efficiency.
[Spredtrum] reported that SFS followed by up-conversion is more friendly for low complexity and cost devices since it does not need frequent retuning.
[QC] reported that sinewave-based SFS allows device LO tuning to common carrier frequency, whereas devices without sinewave-based SFS should tune to device-specific carrier frequency.
[DCM] reported that 2SB without SFS is feasible.
[Xiaomi] Replacing target frequency fc with (fc-fSFS) in (1SB RF signal without SFS) can generate almost same 1SB RF signal as (1SB RF signal with SFS) but requires lower implementation complexity.
[ASUSTek] reported that the reference frequency can be commonly provided to all targeted A-IoT active devices, e.g., via broadcast information or paging-like R2D message. The small frequency shift can be provided by D2R scheduling information in corresponding R2D transmission.
[Samsung] reported that supporting SFS (especially Rel-20 SFS) may introduce additional signal processing blocks beyond LO re-tuning, potentially increasing device-side complexity. Based on it, we state that, in Rel-20, D2R FDMA is supported only by adjusting the LO frequency (i.e., LO re-tuning).
[NEC] reported that the SFS operation for Rel-19 device is not required for device 2b and C, since the baseband signal can be directly adjusted to the intended frequency by up-conversion.
[LGE] reported that sinewave based SFS is more feasible than without SFS because without SFS method requires frequency retuning and may experience increased CFO.
---

Agreement:
· Gold sequence is used for D2R scrambling.
· Capture following companies’ views on D2R scrambling sequence type.
---
Scrambling Sequence Type:
Following sources support Gold sequence for PDRCH scrambling due to its good pseudo-random properties, better cross-correlation characteristics compared to m-sequences, and the benefit of reusing existing NR/LTE designs. Companies 
· [OPPO], [Nokia], [vivo], [ZTE], [QC], and [HW] propose using (length-31) Gold sequence as in NR/LTE.
· [CATT] proposes that scrambling sequence can be pseudo-random sequence, e.g., Gold sequence.
· [NEC] proposes that Gold sequence with length shorter than 2^31-1 should be applied, and Nc with smaller value can be equipped with the Gold sequence to reduce complexity/computation burden of scrambling.
---

Agreement:
Capture following companies’ views on D2R scrambling sequence initialization.
---
Scrambling Sequence Initialization:
Following sources reported that the sequence generator should be initialized based on Device ID and Reader/Cell ID, with some also suggesting the inclusion of time-based parameters (e.g., SFN, parameter which varies based on periodic R2D signal or parameter signaled by control information). 
· [CATT][ZTE] proposes that the scrambling sequence generator can be initialized with the device ID and/or the reader ID.
· [Nokia][vivo][LG] proposes initializing the scrambling sequence generator with a value which depends on reader identity, device identity and/or time.
· [Apple] proposes supporting scrambling for PDRCH using device-specific scrambling sequences initialized with device ID.
· [Sharp] proposes that for scrambling of PDRCH, the scrambling sequence initialization is controlled by the Reader, e.g., on a per-higher-layer-session basis.
---

Agreement:
Capture following companies’ views on D2R scrambling sequence application to midamble.
---
Scrambling application to midamble:
Companies provided views on whether to apply scrambling sequence to midamble. Sources [HW], [OPPO], [vivo], [ZTE] and [QC] suggested not to apply scrambling sequence since it could degrade its correlation property which may be needed for timing estimation and/or frequency offset estimation. One source [CATT] suggested applying scrambling for interference randomization.
---

Agreement:
D2R scrambling is not applied to midamble.
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Agreement: 
Capture following companies’ views on D2R preamble length.
---
Preamble Length
Multiple sources have provided inputs on preamble length from 31bits up to 511 bits to support larger coverage. Following observations capture the necessities / motivations for longer preamble.
· [Apple] proposed supporting m-sequence preamble with length 31, 63, or 127 chips for BPSK for outdoor scenario.
· [Huawei] propose candidate preamble lengths of {31-bit, 127-bit, 511-bit} corresponding to different coverage levels.
· [Xiaomi] proposes additional longer preamble lengths than Rel-19 can be 63 and 127 considering required SNR performance and sequence overhead.
· [IITK] supported a longer preamble sequence for outdoor devices in D2R transmission.
· [NEC] proposed that longer sequence or denser interval for preamble/ midamble can be supported when coverage bottleneck is identified using the Rel-19 preamble and midamble design. It was noted that multiple lengths of D2R preamble can be considered for different coverage target.
However, different sources have slightly different views regarding the maximum length due to its dependency on considered target data rate, presence of midamble, modulation type, target functionality, etc. Following observations were reported from companies.
· [CMCC] reported that that the residual CFO of 0.1ppm can be achieved at SNR around 0dB / -13.5dB / -12.5dB / -15dB for 31, 63, 127, >127-bit length m-sequence, respectively. [CMCC] proposed multiple D2R preamble sequence lengths for different coverage levels with three sets: short sequence: {31-bit, smaller than 31-bit}, medium sequence: {64-bit, 127-bit}, and long sequence: {255-bit, 511-bit}.
· [vivo] reported that the required preamble length for BPSK is longer than DBPSK to ensure the performance degradation is less than 1 dB; e.g., for ~5 kbps data rate configuration with bit duration of 66.67 us, the required preamble length is 31 bits for BPSK and 15 bits for DBPSK; for ~1 kbps data rate configuration with bit duration of 133.33 us, the required preamble length is 63 bits for BPSK and 15 bits for DBPSK; for ~0.1 kbps data rate configuration with bit duration of 266.67 us, the required preamble length is 255 bits for BPSK and 127 bits for DBPSK. It was suggested that m-sequence with 63, 127 and 255 bits for additional longer preamble length than Rel-19.
· [QC] reported that, with midamble (interval = 266us, length=16.67us), preamble length 31bits provides similar performance as no CFO case and preamble length 127bits does not provide additional gain. It was reported that preamble length 7bits does not provide good CFO estimation resulting in poor performance. It was suggested considering multiple preamble lengths including 31, [63], [127], with shorter values used with midamble and longer values without midamble, if necessary.
· [Spreadtrum] reported that whether to introduce the longer X-ambles in Rel-20 compared with those in Rel-19 should be decided based on the evaluation result for the target performance in outdoor scenarios.
· [LG] reported that depending on the D2R modulation scheme (e.g. OOK or BPSK) or whether coherent detection is required at the receiver, the length and sequence type of the D2R preamble can be configured differently.
· [CATT] reported that SFO estimation should be done by preamble and since the initial SFO of Device 2b/C is much smaller than that of Device 1, the existing Rel-19 D2R ambles should be sufficient for SFO estimation and PDRCH decoding.
· [HONOR] suggests the correlation between D2R coverage and R2D coverage could be considered in the design of D2R preamble sequence lengths and R2D SIP sequence lengths.
· [NEC] Considering same chip duration/bit duration, length-255, 127, 63 sequence offers about 9dB, 6dB, 3dB gain over length-31 sequence.
---


Agreement:
Capture following companies’ views on D2R preamble sequence type.
---
Preamble Sequence Types
Multiple sources mentioned m-sequence and Gold sequence for preamble. There is strong preference on m-sequence due to its good auto-correlation performance. One source mentioned that the number of required sequences for sequence differentiation can affect the sequence type selection.
· [Spreadtrum] propose m-sequence for D2R X-ambles, including preamble and midamble.
· [ZTE] suggest M-sequence for D2R preamble and midamble, with three sequences supported per sequence length.
· [LG] reported that M-sequence can be considered for preamble since the M‑sequence exhibits good correlation properties, multiple cyclic‑shifted versions of the D2R preamble can be utilized to distinguish different readers/devices.
· [TCL] suggested longer Preamble (e.g., 16 bit or 32 bit) and sequence with good autocorrelation (e.g., m-sequence or Gold sequence).
· [NEC] reported that the number of sequences for differentiation should be identified first, since the number may affect the choice of sequence type of D2R preamble. For example, length-31 sequence, if the required sequence for differentiation is larger than 31, only Gold sequence can fulfill the requirement. However, if only 3 or 4 sequences are required, both m-sequence and Gold sequence can fulfill the task, and m-sequence offer slightly low computation burden.
---


Agreement:
Capture following companies’ views on D2R preamble functionality.
---
Preamble Functionality
Sources [HW][OPPO][Ericsson][Xiaomi][Lenovo][InterDigital] reported CFO estimation as one of important functionalities for D2R preamble together with timing acquisition. 
· [HW] observe that D2R SFO estimation is not necessary for Device C, D2R CFO estimation is feasible for reader to ensure coherent detection with BPSK, and one-part structure preamble is enough for both CFO estimation and timing acquisition.
· [OPPO] proposes that if preamble with length longer than those supported in Rel-19 is introduced for CFO estimation, CFO estimation is not considered for midamble design again as the CFO drift rate of device 2b/C is slow.
· [Ericsson] proposes D2R preamble can be used for fine CFO calibration and re-using Rel-19 preamble design for timing acquisition, indicating the start of D2R transmission, for SFO estimation, channel and interference estimation. It was also noted that there is no need to differentiate the traffic types based on physical layer aspects, rather it should be left to higher layer.
· [Xiaomi] proposes that D2R preamble for PDRCH should support functionalities of D2R timing acquisition, D2R SFO estimation, and D2R CFO estimation.
· [Lenovo] proposed D2R CFO calibration signal (CSS) for reader side CFO estimation, where CSS follows preamble.
· [InterDigital] proposes studying whether to support a two-part D2R preamble (one part for CFO estimation and one part for timing/channel estimation).
There are diverging views on SFO estimation – whether it is necessary ([CATT][Xiaomi][DCM]) or not ([HW][CMCC][vivo]). 
· [CATT] proposes D2R SFO estimation should be done by D2R preamble and D2R midamble.
· [Xiaomi] Regarding D2R preamble for PDRCH, the functionalities of D2R timing acquisition, D2R SFO estimation, and D2R CFO estimation are supported.
· [DCM] suggests D2R preamble and midamble should support SFO estimation functionality at least for device 2b.
· [CMCC] suggests SFO estimation is not necessary for D2R preamble, especially for Device C.
· [vivo] reported that for active device 2b with up to 1000 ppm SFO and device C with up to 10 ppm SFO, SFO can be hardly estimated more accurately by preamble and the timing drift caused by SFO can be eliminated by re-synchronization based on midamble.
Two sources [Spreadtrum], [ZTE] mentioned that preamble could be also used for D2R measurement purposes. 
· [Spreadtrum] reported that D2R X-amble(s) could be used for measurement, (e.g., signal strength, interference estimation) at reader side.
· [ZTE] reported that for the D2R preamble and midamble, the use of multiple sequences per sequence length is beneficial to mitigate cross-cell/inter-reader detection ambiguity and avoid inter-cell interference.
---


Agreement:
Capture following companies’ views on D2R preamble differentiation.
---
Preamble Differentiation
Multiple sources mentioned that multiple (e.g., 3) preambles can be used for reader differentiation or device identification, etc. The reported example method for generating multiple sequences includes using multiple cyclic shifts. 
· [Huawei][Ericsson] reported that preamble differentiation across cells or for reader identification, can be considered based on e.g., different cyclic shifts, e.g., 3 for three sectors.
· [ZTE] proposes that considering the limited complexity and storage capability of A-IoT devices, it is proposed that three distinct preamble sequences be supported for each sequence length.
· [LG] observes that since M-sequence exhibits good correlation properties, multiple cyclic-shifted versions of the D2R preamble can be utilized to distinguish different readers/devices.
· [NEC] proposes the number of sequences for differentiation should be identified first, since it may affect the choice of sequence type of D2R preamble.
· [TCL] suggests considering the impact of different D2R Preamble sequence on reader differentiation, identifying device types, or CDMA.
· [Qualcomm] proposes for D2R preamble, N different sequences are considered to differentiate devices to different readers, where N>=3.
· [DOCOMO] reports that multiple sequences for D2R preamble using same length can have potential usage for multi-reader scenario that multiple sequences for reader differentiation can be used for early termination at reader, i.e., if unexpected D2R preamble is detected, reader can skip D2R Rx, and for interference alleviation.
---


Agreement:
Capture following companies’ views on D2R preamble structure.
---
Preamble structure
Two sources proposed to study two parts preamble structure to support different functionality. One source reported that one part structure is enough for multiple functionalities.
· [Lenovo] proposes studying a two-part D2R preamble structure where the first part indicates the start of D2R transmission and the second part carries information for quick identification of the device or D2R transmission structure.
· [InterDigital] proposes studying whether to support a two-part D2R preamble (one part for CFO estimation and one part for timing/channel estimation).
· [HW] observed that one-part structure preamble is enough for both CFO estimation and timing acquisition.
---


Agreement:
Capture following companies’ views on D2R midamble length.
---
Midamble Length
For both midamble length and interval, three different types of values were suggested; values shorter than Rel-19 (to increase the density of midamble), same values as Rel-19(to reuse previous design), longer values than Rel-19. 
Sources [HW], [CMCC], [vivo], [QC], [Oppo], [ZTE], [InterDigital] mentioned shorter mid-amble length and interval for channel estimation/channel tracking functionality. 
· [Huawei] proposed candidate intervals of {4-bit, 6-bit, 8-bit} and candidate midamble length of 1 bit.
· [CMCC] proposed studying enhancements on D2R midamble including shorter midamble length than Rel-19 and shorter interval than Rel-19.
· [vivo] suggested for BPSK modulation with coherent detection, 1 ms amble interval and 0.25 ms time duration of midamble (e.g., 16 bits interval and 4 bits length for bit duration of 66.67 µs) can be considered for D2R midamble design. And for time tracking and CFO estimation, reuse 7 bits or 31 bits m-sequence used in Rel-19 midamble design and the interval depends on the SFO and frequency drift rate.
· [Qualcomm] proposed multiple values for D2R midamble interval and considering at least 2, 4 bits for midamble length.
· [Oppo] reported that short midamble type optimized primarily for channel estimation can be used in midamble design for BPSK.
· [ZTE] reported that, for a calibrated CFO of 10 ppm, reducing the D2R midamble insertion interval from 48 bits to 20 bits provides an approximate 5 dB improvement in D2R BLER performance for a TBS of 96 bits at 10% BLER proposing smaller midamble insertion interval for CFO estimation in D2R transmission. 
· [InterDigital] supports a mid-amble placement scheme in D2R with denser, and shorter mid-ambles in Rel-20 for frequent estimate of phase rotation due to CFO.
Sources [Spreadtrum], [Ericsson], [CATT] proposed to reuse Rel-19 design. 
· [Spreadtrum] reported that the value of interval between X-ambles (i.e., interval between preamble and first midamble, and between midambles) defined in Rel-19 could be the baseline for that in Rel-20.
· [Ericsson] reported that the D2R midamble design for Rel-20 A-IoT can re-use the same configurations (sequence type “m-sequence”, explicit indications of midamble presence via R2D control information, separation between preamble and midamble, and consecutive midambles) as Rel-19 A-IoT devices.
· [CATT] reported that SFO estimation should be done by preamble and since the initial SFO of Device 2b/C is much smaller than that of Device 1, the existing Rel-19 D2R ambles should be sufficient for SFO estimation and PDRCH decoding.
Source [NEC], [Apple] suggested to allow longer interval to allow for accumulated timing error for correction. These observations are captured below in detail.
· [NEC] suggested regarding D2R midamble of PDRCH, additional longer length and/or longer intervals than those of Rel-19 should be supported.
· [Apple] proposes supporting midamble with length 31 or 63 chips, noting midamble length does not need to match preamble length.
Source [LGE] mentions midamble configuration could depend on D2R modulation scheme.
· [LGE] proposed that depending on the D2R modulation scheme (e.g. OOK or BPSK) or whether coherent detection is required at the receiver, the length and sequence type of the D2R midamble can be configured differently.
---


Agreement:
Capture following companies’ views on D2R midamble sequence type.
---
Midamble Sequence Types
Multiple types of sequences for midamble were reported with diverging views. Companies’ observations/proposals were captured below.
Hadamard sequence:
· [Huawei] reported that orthogonal sequences, e.g., Hadamard sequences, can be considered for midambles, with sequence differentiation considered with at least 3 sequences.
All-1 sequence:
· [Tejas] proposes multiple options for D2R midamble sequence; long strings of 1's, long strings of 0's, m-sequence, or Golay sequence.
· [vivo] proposed that all-1 sequence for midamble design for channel estimation purpose and reusing 7 bits or 31 bits m-sequence used in Rel-19 amble design for midamble design for time tracking and CFO estimation in Rel-20.
M-sequence:
· [LG] suggested M-sequence for D2R midamble and proposed multiple cyclic-shifted versions of the same m-sequence for D2R midamble.
· [ZTE] proposes that M-sequence is used for D2R midamble, with three distinct sequences supported per sequence length.
· [NEC] suggested that All 1 sequence and Hadamard sequence should be de-prioritized and preferred using the same methodology as Rel-19 A-IoT.
· [CATT] reported that SFO estimation should be done by preamble and since the initial SFO of Device 2b/C is much smaller than that of Device 1, the existing Rel-19 D2R ambles should be sufficient for SFO estimation and PDRCH decoding.
---


Agreement:
Capture following companies’ views on D2R midamble functionality.
---
Midamble Functionality
Multiple sources [Xiaomi], [QC], [HW], [CMCC], [vivo], [HONOR] reported that midamble could be used for channel estimation/tracking purpose which handles residual CFO. [LG], [HONOR], [Ericsson], and [vivo] reported time tracking functionality. According to [Lenovo], [HW], [Spreadtrum], [CATT], interference estimation is yet another functionality which can be supported by midamble. 
Regarding SFO estimation, there are diverging views; sources [CATT], [DCM] reported that midamble could be used for SFO estimation. Whereas sources [HW], [CMCC], [vivo] reported that SFO estimation is not necessary since SFO has negligible impact on performance. [Oppo]’s view is conditional depending on the assumed preamble length.
Companies’ detailed observations were captured below. 
· [Oppo] reported that BSPK requires a higher density of midamble in PDRCH to track the channel. In this case, a short midamble type optimized primarily for channel estimation is necessary. This type of midamble should be designed to minimize overhead while maintaining BPSK demodulation performance. It was reported that the necessity of SFO estimation/time tracking depends on preamble length; long preamble might not require midamble based SFO estimation/time tracking, whereas short preamble might require that.
· [Huawei] observe that SFO estimation is not necessary for Device C, CFO estimation can be realized by channel estimation, and interference estimation can be realized by midambles with channel estimation.
· [CATT] proposes interference estimation can be done by D2R midamble.
· Tejas Network Limited proposes the midamble of the PDRCH for Msg1 may contain a few bits of known reference signals decoded by the reader to estimate the channel.
· [CMCC] suggests SFO estimation is not necessary for D2R midamble, especially for Device C.
· [vivo] proposes for BPSK modulation with coherent detection, two types of midamble are needed:
· Type-1 midamble: for channel estimation purpose, which is about 0.25 ms time duration and about 1 ms interval, required for both device 2b and device C
· Type-2 midamble:
· For device 2b: for time tracking and CFO estimation purposes
· For device C: for CFO estimation purpose when frequency drift rate is 1 ppm/s
It was also suggested that for DBPSK modulation with non-coherent detection, only one type of midamble is needed for time tracking for device 2b.
· [HONOR] proposes introducing different types of D2R midamble to support different functionalities.
· [TCL] suggests considering same functions of D2R Midamble like Rel-19 and studying the impact of modulation on D2R Midamble, e.g., MSK or DBPSK.
· [Lenovo] proposes studying using D2R midamble resource for interference estimation and suggested, when multiple functionalities are supported on the D2R midamble resources, explicit/implicit indication may be needed for functionality identification/differentiation.
· [Xiaomi] states that sequence-based midamble is needed for Device 2b to perform timing tracking and SFO estimation, while it is not needed for Device C. 1-bit midamble can be used for finer CFO estimation and channel estimation when coherent demodulation is performed. Otherwise, 1-bit midamble is not required.
---


Agreement:
Capture following companies’ observations on the performance of modulation schemes.
---
· Performance (BPSK):
· [CMCC][ZTE] reported that BPSK provides superior detection performance with its coherent detection mechanism.
· [TCL] BPSK provides lowest SNR for target BLER.
· [ID] The BLER performance of the BPSK and DBPSK is not meaningfully different when proper CFO estimation/mitigation is applied at the reader.
· [Apple] reported that BPSK can provide better coverage than OOK.
· [QC] reported that BPSK provide better performance yet at the cost of high overhead for preamble and midamble.
· [vivo] reported that the required SNR is about -7.7 dB @ 10% BLER and -4.8 dB @ 1% BLER
· [LG] reported that the required SNR to achieve the target BLER of 10% and 1% of BPSK modulation was observed as follows: 10%: 1.7 dB and 1%: 6 dB.
· [HW] The performance of DBPSK is worse than BPSK with the same reference data rate especially for lower data rate and low SNR region. In detail, the performance gap is ~ 6 dB with reference data rate 0.1 kbps for both BLER 10% and BLER 1%.
· Performance (OOK):
· [ZTE] reported that OOK incurs an inherent theoretical link performance penalty of approximately 6 dB compared to BPSK under the same transmit power.
· [TCL] reported that Needs ~1–2 dB higher SNR than BPSK under typical conditions. Non-coherent OOK is slightly less power-efficient due to “off” symbols.
· [vivo] reported that, if Manchester coding is not used, for 96 bits payload size, OOK has more than 5 dB performance loss @1% BLER compared with the OOK case with Manchester coding, and for 400 bits payload size, there is an error floor and 1% BLER cannot be achieved. If Manchester coding is used, the required SNR is about -2.1 dB @ 10% BLER and 1.2 dB @ 1% BLER.
· [Xiaomi] reported that, for device 2b/C, SNR performance of OOK is worst among all three modulation schemes, and OOK shows obvious performance loss (>3 dB) than BPSK and DBPSK. 
· [LG] reported that the required SNR to achieve the target BLER of 10% and 1% of OOK modulation was observed as follows: 10%: 11.5 dB and 1%: 15.7 dB.
· [HW] reported that the performance of OOK with non-coherent receiver is much worse than BPSK, i.e., ~ 17 dB performance gap with reference data rate 0.1 kbps.
· Performance (DBPSK):
· [CMCC] reported that the convenience of non-coherent detection in DBPSK comes at a cost: the differential detection mechanism is inherently sub-optimal because each decision is based on comparing two noisy symbols, leading to a degradation in detection performance.
· [ZTE] reported DBPSK is more sensitive to noise and requires a higher SNR compared to BPSK for successful demodulation. 
· [ZTE] reported the issue of error propagation, which can lead to further performance deterioration of D2R transmission. Theoretically, under high CFO estimation accuracy, DBPSK exhibits a BLER performance degradation of more than 3 dB compared to BPSK.
· [TCL] reported that DBPSK needs ~3 dB higher SNR than BPSK for the same error rate in theory.
· [vivo] reported the required SNR is about -5 dB @ 10% BLER and -1.7 dB @ 1% BLER.
· [Xiaomi] reported that, for device 2b, DBPSK without 1-bit midamble (slightly higher data rate) outperforms BPSK with 1-bit midamble (slightly lower data rate) in which there is ~5dB gain for BLER of 10^-1 and ~1.5dB gain for BLER of 10^-2. For device C, it was reported that SNR performance of DBPSK without 1-bit midamble (slightly higher data rate) is quite close to that of BPSK with 1-bit midamble (slightly lower data rate) and BPSK outperforms than DBPSK ~1 dB at BLER of 10^-1.
· Performance (MSK):
· [FW][ZTE][TCL] reported that MSK can have the same/similar detection performance as BPSK under good CFO estimation with coherent detection.
· [CATT] reported that when the SFO and CFO estimation and compensation are both considered, the BLER performance of MSK would be similar as that of BPSK.
· [vivo] reported that, for MSK with non-coherent detection, the required SNR is about 0.7 dB @ 10% BLER and 3.7 dB @ 1% BLER.
---


Agreement:
Capture following companies’ observations on the sensitivity to CFO of modulation schemes.
---
· Sensitivity to CFO (BPSK):
· [FW][QC] reported that BPSK suffers detection performance degradation when there is a carrier frequency offset (CFO) between the actual carrier frequency and expected carrier frequency. 
· [ZTE][TCL] reported that BPSK is highly sensitive to CFO and its CFO impact can be mitigated by preamble/midamble based CFO estimation and compensation.
· [vivo] reported that BPSK requires residual CFO ≤0.3 ppm for about ~1 ms midamble interval is considered to achieve 1dB degradation.
· [Xiaomi] reported that BPSK is sensitive to phase error (CFO impact) and requires accurate CFO estimation (≤ 0.1 ppm).
· [DCM] reported that BPSK is sensitive to CFO, e.g., frequency error tolerance can be up to 0.5ppm or less. Sensitivity to CFO leads the performance impact and demodulation complexity at reader.
· [HW] reported that enhancements on preamble and midamble can ensure good performance with coherent detection and address the impact of CFO.
· Sensitivity to CFO (OOK):
· [FW][vivo] reported that OOK modulation provides robust performance against CFO due to its non-coherent envelope detection method.
· [ZTE][QC][DCM] reported that OOK is more robust to CFO than (D)BPSK and MSK.
· [Xiaomi] reported that OOK is more robust to phase error (CFO impact) and the tolerable residual CFO can be up 100 ppm.
· Sensitivity to CFO (DBPSK):
· [ZTE][TCL][Apple][QC] reported the medium sensitivity; it is more tolerant to CFO than BPSK but less than OOK.
· [CMCC] reported that given that the phase rotation caused by CFO between adjacent symbols is relatively small, DBPSK can tolerate large CFO by using non-coherent detection.
· [vivo] reported that DBPSK is not sensitive to CFO and tolerance can be increased by decreasing bit duration.
· [Xiaomi] reported that DBPSK is robust to phase error (CFO impact) and the tolerable residual CFO can be up 1.5 ppm.
· Sensitivity to CFO (MSK):
· [FW][QC] reported that detection performance with large CFO is unclear since it is challenging differentiate two tones at receiver side with CFO.
· [ZTE] reported that MSK has high sensitivity to CFO. The CFO impact can be significantly mitigated through X-amble-based D2R CFO estimation.
· [TCL] reported that CFO must be calibrated to achieve the ideal performance.
---


Agreement:
Capture following companies’ observations on the preamble/midamble overhead /design of modulation schemes.
---
· Preamble/midamble design and overhead (BPSK):
· [FW] The D2R preamble and midamble sequences should be designed to support CFO estimation at the receiver of the reader to maintain BPSK reception performance.
· [CMCC] BPSK demands additional overhead in the amble design to enable accurate CFO estimation and accurate channel estimation.
· [ZTE] reported that large X-amble overhead is needed to ensure high precision CFO estimation
· [TCL] reported that for a 96-bit payload plus 16-bit CRC (112 bits total), a preamble on the order of 8–16 bits might be used, corresponding to roughly 7–15% overhead.
· [QC] reported that BPSK requires overhead of around 30% to provide reasonable performance
· [vivo] reported that the required x-amble overhead is 25.58% for 1kbps data rate, 96bits of payload.
· [HW] reported that BPSK requires 39% to 21% of overhead for data rate of 0.1kbps to 5~7kbps.
· [Xiaomi] reported amble overhead of 9%~17% for ~1 kbp and 96bits of payload.
· Preamble/midamble design and overhead (OOK):
· [ZTE][TCL][QC] reported that overhead for OOK can be low (e.g., on the order of ~5–10% of the payload bits) since no complex CFO/channel estimation is needed.
· [vivo] reported that amble overhead of 2.18% for ~1 kbp and 96bits of payload.
· [HW] reported that OOK requires 4% of overhead (preamble only, no midamble) for data rate of 0.1kbps.
· [Xiaomi] reported amble overhead of 8%~16% for ~1 kbp and 96bits of payload.
· Preamble/midamble design/overhead (DBPSK):
· [ZTE] reported that DBPSK needs medium X-amble overhead CFO estimation.
· [TCL][QC] reported that the overhead for DBPSK is mainly for packet detection and timing sync, similar to OOK. This might be on the order of ~5–10% overhead.
· [vivo] reported that required amble overhead is 2.18% for 1kbps of data rate and 96bits of payload.
· [Xiaomi] reported amble overhead of 8%~16% for ~1 kbp and 96bits of payload.
· Preamble/midamble design/overhead (MSK):
· [CMCC] noted that accurate CFO estimation and channel estimation are not needed and amble design overhead is reduced.
· [ZTE] reported that MSK requires large X-amble overhead to ensure high precision CFO estimation.
· [TCL] reported that MSK’s overhead could be higher to confidently calibrate CFO and phase before demodulation, e.g., on the order of around 15–20% due to its high sensitivity to CFO.
· [vivo] reported that the phase of midamble depends on previous data bit, which is unknown before decoding and coherent detection based on channel estimation with midamble cannot be performed for MSK because of midamble phase ambiguity in MSK modulation. The MSK’s amble overhead is 2.18%.
· [HW] reported that it’s not clear for MSK how the channel estimation can be performed based on midamble due to the nature of phase continuity between data and midamble bit.
· [CATT] reported that reader could detect the midamble at the specified location in PDRCH with the compensation of timing, frequency and channel response using the estimates obtained from preamble. The midamble can be coherently demodulated to obtain the phase shift of MSK from the previous PDRCH chip after channel compensation. The estimated phase offset contains the possible initial phase offset and phase offset caused by non-ideal factors.
---


Agreement:
Capture following companies’ observations on the transmitter complexity of modulation schemes.
---
· Transmitter Complexity (BPSK):
· [DCM] reported that BPSK has lower PAPR than OOK and its PA efficiency can be improved.
· Transmitter Complexity (OOK):
· [FW][ZTE][QC] reported that the OOK transmitter offers lower complexity and low power consumption.
· [CATT] reported that, from the A-IoT device implementation point of view, the OOK modulation could be the better choice than BPSK modulation for its lower power/energy consumption and lower complexity.
· Transmitter Complexity (DBPSK):
· [ZTE][QC] reported that DBPSK transmitters require additional XOR operations, slightly increasing complexity compared to BPSK.
· Transmitter Complexity (MSK):
· [FW] reported that the higher complexity in transmitter implementation makes it an unattractive solution for low power A-IoT devices.
· [CMCC] reported that optimal performance of MSK depends on a specific modulation index of exactly 0.5, which ensures the two frequencies are perfectly distinguishable and phase continuity is maintained. However, maintaining this exact 0.5 value is challenging for low-cost IoT devices like Device 2b/C due to inherent hardware limitations.
· [ZTE][Apple] reported that transmitters require high-precision frequency shift and phase continuity control, leading to a high complexity.
· [CATT] reported that MSK modulation can be designed to avoid the need for a power consuming external or explicit RF mixer by using direct digital frequency synthesis or other techniques.
· [vivo][HW] reported that OQPSK based MSK transmitter with square pulse replaced by half-cycle sinusoid pulse in I/Q path has following challenges; I/Q imbalance (intermodulation and degradation of EVM), inaccurate control of T/2 delay (phase continuity), quadrature receiver.
---


Agreement:
Capture following companies’ observations on the receiver complexity of modulation schemes.
---
· Receiver Complexity (BPSK):
· [CMCC][ZTE][QC] reported that BPSK requires coherent detection and channel estimation to correct the phase rotation induced by CFO resulting in higher receiver complexity.
· [HW] report that receiver complexity caused by the CFO estimation can be reduced with e.g., FFT-based method.
· Receiver Complexity (OOK):
· [ZTE][QC] reported that OOK has lower receiver complexity due to relatively simple CFO estimation and non-coherent detection compared to BPSK, DBPSK, and MSK.
· [vivo] reported that OOK modulation with non-coherent detection requries Manchester coding for reliable threshold training.
· Receiver Complexity (DBPSK):
· [ZTE][QC] reported that medium receiver complexity is required mainly due to the need for moderately accurate CFO estimation and compensation.
· [vivo] reported that the CFO estimation complexity for BPSK modulation is much higher than DBPSK; BPSK requires 63bits preamble with 106/1053 hypotheses for device C/2b and DBPSK requires 15bits preamble with 28/274 hypotheses for device C/2b.
· Receiver Complexity (MSK):
· [ZTE] High receiver complexity due to the need for precise CFO estimation and compensation
· [HW] reports that MSK has not been implemented in NR BSs, hence, the implementation complexity at the reader side is high.
· [CATT] reported that MSK modulation has better BLER performance than BPSK modulation for the less SFO sensitivity, when the SFO is considered. BPSK requires more precise SFO estimation than MSK.
---


Agreement:
Capture following companies’ observations on the spectrum of modulation schemes.
---
· Spectrum (BPSK):
· [ZTE][QC] reported that The D2R transmission bandwidth is 1/Tb for single-sideband (1SB) and 2/Tb for double-sideband (2SB). A Tx filtering for spectrum is required to suppress out-of-band emission.
· [TCL] reported that BPSK’s occupied bandwidth is relatively tight but its sidelobes are higher than MSK’s unless additional filtering is used.
· [HW] reported that filter can be further applied to reduce the leakage.
· Spectrum (OOK):
· [ZTE] reported that the D2R transmission bandwidth is 1/Tb for 1SB and 2/Tb for 2SB. A Tx filter is required to suppress out-of-band emission.
· [TCL] reported that the on/off pattern can create spectral lines at the symbol rate and substantial side lobes and its main lobe bandwidth is roughly similar to BPSK for a given bit rate, but the side lobes are typically even higher.
· [HW] reported that filter can be further applied to reduce the leakage.
· Spectrum (DBPSK):
· [TCL] reported that similar spectral characteristics to BPSK.
· [ZTE][QC] reported that DBPSK requires a Tx filter to suppress out-of-band emission.
· [HW] reported that filter can be further applied to reduce the leakage.
· Spectrum (MSK):
· [TCL] reported that MSK inherently produces a narrow power spectrum concentrating energy in a very compact main lobe.
· [QC] reported that MSK has the lowest sidelobe in its spectrum and may need less stringent tx filtering.
· [CATT] reported that MSK has narrower spectral occupancy than that of BPSK.
· [vivo] reported that tx filter may be needed anyway to meet RF requirement.
· [HW] reported that MSK has the best performance.
· [ZTE] reported that the mainlobe bandwidth of MSK is similar to that of BPSK/OOK/DBPSK due to its phase continuity. A Tx filter is required to suppress out-of-band emission.
---


Agreement:
Capture following company provided table in TR.
---
Source: [FW]
	[bookmark: _Hlk219475343]
	BPSK
	OOK
	DBPSK
	MSK

	Sensitivity to CFO
	High
	Not sensitive
	Medium
	High  

	Required SNR Performance
	Theoretical BER performance is 6 dB better than OOK
	Required SNR = 14.3dB @ 10% BLER
Required SNR = 3.0 dB @ 1% BLER
	Theoretical BER performance is 3 dB worse than BPSK
	Theoretical BER performance is about same as BPSK

	Receiver detection type
	Coherent
	Non-coherent
	Non-coherent
	Coherent

	Overhead
	Medium
	Low
	Medium
	Unclear

	Spectrum 
	The power spectral density of BPSK has higher side lobes
	The power spectral density of OOK has higher side lobes
	DBPSK requires a larger bandwidth to transmit
	The power spectral density of MSK has lower side lobes 

	Transmitter complexity
	Medium
	Low
	Medium 
	High

	Receiver complexity
	Medium
	Low
	Medium
	Medium

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



Source: [CMCC]
	
	BPSK
	OOK
	DBPSK
	MSK

	Sensitivity to CFO
	sensitive
	roubust
	robust
	sensitive

	Required SNR Performance
	
	Theoretical BER performance is 6 dB worse than BPSK

	Theoretical BER performance is 3 dB worse than BPSK
The differential detection mechanism is inherently sub-optimal compared with BPSK, because each decision is based on comparing two noisy symbols, leading to a degradation in detection performance.
	

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

	Transmitter complexity
	Medium complexity. [Differential LO.]

	Lower complexity
	Medium complexity
[Differential encoding.
Differential LO]
	Maintaining a specific modulation index of exactly 0.5 is challenging for low-cost IoT devices like Device 2b/C due to inherent hardware limitations. 

	Receiver complexity
	Additional overhead in the amble design to enable accurate CFO estimation and accurate channel estimation. 
Supporting coherent detection is not so complex for reader.
	Lower complexity for non-coherent detection.

	Accurate CFO estimation and channel estimation are not needed, and amble design overhead is reduced.
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



Source: [ZTE]
	
	BPSK
	OOK
	DBPSK
	MSK

	Sensitivity to CFO
	High
	 Low
	Medium
	High

	Receiver detection type
	Coherent
	Non-coherent
	Non-coherent
	Coherent

	Required SNR Performance
	Required SNR = [-3.5] dB @ 10% BLER, [2.5] dB @ 1% BLER
for TBS 96 bits
	Theoretical BER performance is 6 dB worse than BPSK

	Theoretical BLER performance is >3 dB worse than BPSK
	Similar to BPSK


	X-amble overhead
	High 
	Low 
	Medium 
	High 

	Spectrum 
	Need Tx filter;
D2R transmission bandwidth: 1/Tb for 1SB, 2/Tb for 2SB
	Need Tx filter;
D2R transmission bandwidth: 1/Tb for 1SB, 2/Tb for 2SB
	Need Tx filter;
D2R transmission bandwidth: 1/Tb for 1SB, 2/Tb for 2SB
	The mainlobe bandwidth of MSK is similar to that of BPSK/OOK/DBPSK due to its phase continuity. A Tx filter is required to suppress out-of-band emission.

	Transmitter complexity
	Low
	Low
	Higher than BPSK due to additional XOR operations
	High complexity caused by high-precision frequency shift and phase continuity control

	Receiver complexity
	High complexity due to high CFO estimation accuracy requirement. 
Supporting coherent detection is not so complex for reader.
	Low complexity for low CFO estimation accuracy requirement and non-coherent detection.
	Medium complexity for CFO estimation.
Supporting coherent detection is not so complex for reader.
	High complexity due to high CFO estimation accuracy requirement. 
Supporting coherent detection is not so complex for reader.



Source: [TCL]
	
	BPSK
	OOK
	DBPSK
	MSK

	Sensitivity to CFO
	High
	Low
	Medium
	High

	Required SNR Performance
	Baseline and serves as 0dB reference
	Required SNR = [1-2] dB @ 10% BLER
Theoretical BER performance is 6 dB worse than BPSK

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

	Required SNR = [0] dB @ 10% BLER for coherent detection

Required SNR = [2-3] dB @ 10% BLER for non-coherent detection

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

	Overhead
	[10-15] %
(Note 1)
	[5-10] %
(Note 1)
	[5-10] %
(Note 1)
	[15-20] %
(Note 1)

	Spectrum 
	Moderate bandwidth (main lobe ≈ 2× bit rate).
	Broad spectrum due to on/off transients.
	Similar to BPSK in spectral shape.
	High spectral containment.

	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



Source: [QC]
	 
	BPSK
	OOK
	DBPSK
	MSK

	Sensitivity to CFO
	BPSK is quite sensitive to CFO.
CFO estimation / compensation is necessary for successful decoding. Residual CFO should be handled by channel estimation
	Very robust. 
With non-coherent reception, performance is not sensitive to CFO.
	Robust 
Due to relative phase detection, detection performance is not sensitive to CFO.
	Very sensitive (for coherent).

	Required SNR Performance
	Required SNR = [8] dB @ 10% BLER
Required SNR = [18.5] dB @ 1% BLER
Note 2
Note 3 noise BW = 60kHz

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

	Required SNR = [17.5] dB @ 10% BLER
Required SNR = [28] dB @ 1% BLER
Note 2
Note 3 noise BW = 60kHz

Required SNR = [X+3.5] dB @ 10% BLER
Required SNR = [X+6.5] dB @ 1% BLER
	Required SNR = [13.5] dB @ 10% BLER
Required SNR = [23] dB @ 1% BLER
Note 2
Note 3 noise BW = 60kHz

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

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

	Overhead
	[  ]% for midamble
(Note 1)
Preamble = 63 
Midamble length = 4
Midamble interval = 12
Midamble overhead = 25%
# of DMRS = 56
OH = (63 + 4*56) / (63 + 4*56 + 672) = 30%
	[ ]% for midamble
(Note 1)
Preamble = 63 
Midamble length = 2
Midamble interval = 48
Midamble overhead = 4%
# of DMRS = 14
OH = (63 + 4*14) / (63 + 4*14 + 672) = 15%
	[  ]% for midamble
(Note 1)
Preamble = 63 
# of Midamble = 0
Midamble overhead = 0%
OH = 63 / (63 + 672) = 8.5%
	[X-Y] %
(Note 1)

	Spectrum 
	Pulse shaping filter is necessary for spectrum shaping.
	Pulse shaping filter is necessary for spectrum shaping.
	Pulse shaping filter is necessary for spectrum shaping.
	MSK has the smallest sidelobe among these four modulations. 

	Transmitter 
complexity
	Medium complexity
LO to generate carrier waves out of phase. Single differential LO can generate them together. 
	Lower complexity
LO does not need to generate out of phase signal
	Medium complexity
Almost the same as BPSK, yet there is additional XOR processing required.
	Higher 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.
For the detection of OOK symbol, receiver needs to maintain detection threshold, which needs to be trained. 
 
	Medium complexity for CFO estimation and non-coherent detection.
Phase estimation is still required for differential detection. But requirement is loose compared to that of BPSK.
	Accurate CFO estimation / compensation required for coherent detection increasing receiver complexity.
(Due to CFO non-coherent detection seems difficult.)

	Note 1: X-amble overhead is computed for (96+16) bits payload
Note 2: M=4
# of coded bits = 336, # of chips after MC = 672, 



Source: [Vivo]
	
	BPSK
	OOK
	DBPSK
	MSK

	Sensitivity
to CFO
	≤0.3 ppm for about ~1 ms midamble interval irrespective of bit duration
	not sensitive to CFO
	tolerance for CFO increases as the bit duration decreases, e.g., ≤1 ppm for bit duration of 133.33μs, ≤2 ppm for bit duration of 66.67μs
	tolerance for CFO increases as the bit duration decreases, e.g., ≤0.5 ppm for bit duration of 133.33μs, ≤1 ppm for bit duration of 66.67μs

	Required 
SNR
Performance
	Required SNR=-7.7 dB @10% BLER
Required SNR= -4.8 dB @1% BLER
	Required SNR=-2.1dB @10% BLER
Required SNR=1.2dB @ 1% BLER
	Required SNR = -5 dB @ 10% BLER
Required SNR = -1.7 dB @ 1% BLER
	Required SNR = 0.7 dB @ 10% BLER
Required SNR = 3.7 dB @ 1% BLER

	Receiver 
detection 
type
	Coherent 
	Non-coherent
	Non-coherent
	Non-coherent

	Overhead
	25.58 %
	2.18 %
	2.18 %
	2.18 %

	Spectrum 
	/
	/
	/
	negligible as the transmission filter is anyway needed

	Transmitter 
complexity
	Medium complexity. 
	Lower complexity
	Medium complexity
	Higher complexity (modulation index, or I/Q branches needed)

	Receiver 
complexity
	High complexity for CFO estimation and coherent detection based on channel estimation
	Lower complexity for non-coherent detection.
	Medium complexity for CFO estimation / non-coherent detection.
	Medium complexity for CFO estimation / non-coherent detection.

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



Source: [Xiaomi]
	
	BPSK
	OOK
	DBPSK

	Sensitivity 
to CFO
	BPSK is sensitive to phase error (CFO impact) and requires accurate CFO estimation (≤ 0.1 ppm).
	OOK is more robust to phase error (CFO impact) and the tolerable residual CFO can be up 100 ppm.
	DBPSK is robust to phase error (CFO impact) and the tolerable residual CFO can be up 1.5 ppm.

	Required SNR Performance
	For Device 2b, required SNR = 10.5 dB @ 10% BLER, required SNR = 20 dB @ 1% BLER.
For Device C, required SNR = 4.8 dB @ 10% BLER, required SNR = 12.5 dB @ 1% BLER.
	For Device 2b, required SNR = 14.5 dB @ 10% BLER, required SNR = 22.5 dB @ 1% BLER.
For Device C, required SNR = 10.2 dB @ 10% BLER, required SNR = 15 dB @ 1% BLER.
Theoretical BER performance is 6 dB worse than BPSK

	For Device 2b, required SNR = 5.5 dB @ 10% BLER, required SNR = 17 dB @ 1% BLER.
For Device C, required SNR = 5.8 dB @ 10% BLER, required SNR = 13 dB @ 1% BLER.
Theoretical BER performance is 3 dB worse than BPSK


	Receiver detection type
	Coherent only
	Non-coherent
	Non-coherent

	Overhead
	For Device 2b, 16.6%
For Device C, 9.7%
(Note 1)
	For Device 2b, 15.6%
For Device C, 8.4%
(Note 1)
	For Device 2b, 15.6%
For Device C, 8.4%
(Note 1)

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



Source: [NEC]
	
	BPSK
	OOK
	DBPSK
	MSK

	Sensitivity 
to CFO
	Some, phase changes due to CFO over time. 
	Robust
	Robust
	Some

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

	Transmitter complexity
	Medium complexity.
	Lower complexity
	Medium complexity
	Higher transmitter complexity 

	Receiver complexity
	Higher CFO estimation / compensation complexity.
	Lower complexity for non-coherent detection.

	Medium complexity for CFO estimation / non-coherent detection.
Phase estimation is still required but not as sophisticated as BPSK.
	Accurate CFO estimation / compensation required for coherent detection increasing receiver complexity



Source: [E///]
	
	BPSK
	OOK
	DBPSK
	MSK

	Required SNR Performance
	Theoretical BER performance is the same as MSK

	Theoretical BER performance is 6 dB worse than BPSK

	Theoretical BER performance is 3 dB worse than BPSK

	Theoretical BER performance is the same as BPSK


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

	Spectrum 
	Pulse shaping is necessary to reduce spectral leakage.
	
	Pulse shaping is necessary to reduce spectral leakage.
	The constant envelope and continuous phase property of MSK making it more spectrum efficient.

	Transmitter complexity
	Medium complexity. [Differential LO.]

	Lower complexity
	Medium complexity
[Differential encoding.
Differential LO]
	

	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



Source: [HW]
	
	BPSK
	OOK
	DBPSK
	MSK

	Sensitivity 
to CFO
	Sensitive to CFO for phase modulation but achieve better performance.
	Robust to CFO for amplitude modulation but achieve worse performance.
	Robust to CFO for differential modulation but achieve worse performance.

	Sensitive to CFO for phase modulation.

	Required SNR Performance
	· For reference data rate ~ 0.1 kbps, required SNR = -17.3 dB @ 10% BLER, and -15.9 dB @ 1% BLER
· For reference data rate ~ 1 kbps, required SNR = -10.1 dB @ 10% BLER, and -7.2 dB @ 1% BLER
· For reference data rate ~ 5~7 kbps, required SNR = -5.0 dB @ 10% BLER, and -1.0 dB @ 1% BLER
	· For reference data rate ~ 0.1 kbps, required SNR = -0.3 dB @ 10% BLER, and 2.2 dB @ 1% BLER
· For reference data rate ~ 1 kbps, required SNR = 4.3 dB @ 10% BLER, and 7.1 dB @ 1% BLER
· For reference data rate ~ 5~7 kbps, required SNR = 5.9 dB @ 10% BLER, and 9.3 dB @ 1% BLER
Theoretical BER performance is 6 dB worse than BPSK

	· For reference data rate ~ 0.1 kbps, required SNR = -11.7 dB @ 10% BLER, and -9.9 dB @ 1% BLER
· For reference data rate ~ 1 kbps, required SNR = -7.0 dB @ 10% BLER, and -4.1 dB @ 1% BLER
· For reference data rate ~ 5~7 kbps, required SNR = -5.0 dB @ 10% BLER, and -1.5 dB @ 1% BLER
Theoretical BER performance is 3 dB worse than BPSK

	The feasibility with coherent detection is not clear with midamble phase ambiguity.
The performance with non-coherent detection is poor. 

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

	Overhead
	· 39% for reference data rate ~ 0.1 kbps
· 27% for reference data rate ~ 1 kbps
· 21% for reference data rate ~ 5 ~ 7 kbps
 (Note 1)
	· 4% for reference data rate ~ 0.1 kbps
· 5% for reference data rate ~ 1 kbps
· 9% for reference data rate ~ 5 ~ 7 kbps
 (Note 1)
	· 4% for reference data rate ~ 0.1 kbps
· 5% for reference data rate ~ 1 kbps
· 9% for reference data rate ~ 5 ~ 7 kbps
 (Note 1)
	

	Spectrum 
	The power leaked outside the transmission bandwidth is acceptable.
	The power leaked outside the transmission bandwidth is acceptable.
	The power leaked outside the transmission bandwidth is acceptable.
	The power leaked outside the transmission bandwidth is acceptable.

	Transmitter complexity
	Medium complexity. 
	Lower complexity.
	Medium complexity.
Differential encoding.
	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 and for same data rate for different modulations


---


Conclusion:
For D2R modulation scheme for Rel-20, most companies other than CATT do not prefer MSK.


Agreement:
Capture following TP capturing companies’ observations on block level repetition.
---
Following sources reported that larger number of D2R repetitions are necessary to support larger coverage for device 2b and C than 2 which is the maximum number supported in Rel-19. 
· [CATT] reported that block repetition number of D2R could be selected from {1, 2, 4, 8} or {1, 2, 4, 8, 16} to meet the target coverage requirements in outdoor deployment scenarios.
· [NEC] reported that larger repetition number (e.g., 4 or 8) can be supported only when the bottleneck still has been identified for the D2R coverage based on the Rel-19 FEC code rate and repetition number.
· [Apple] reported that extended repetition factors are crucial for outdoor coverage which may require up to 16 repetitions to close link budget gap for 500m.
· [vivo] reported that it is necessary to support larger number of repetitions, e.g., up to 16 for coverage, and sustainable time can be up to 1s, sufficient for tens of repetitions from storage and power consumption perspective.
· [QC] stated that additional numbers (3, 4) are necessary to improve the limited D2R coverage.
Proposed candidate numbers for Rel-20 includes 4, 8, 10, and 16, which can provide additional gain of about 1 to 3dB for every 2x increase in repetition numbers.
· [HW] reported that performance with repetition factor 8 has ~ 2.3 dB gain compared with that of repetition factor 4 at BLER 10% and has ~ 2.4 dB gain at BLER 1% and it is feasible for device C to support 8 repetitions.
· [Xiaomi] reported that, repetition number of 4 has ~3dB and 1 dB gain at BLER of 10^-1 compared with no repetition and 2x repetition, respectively. Larger repetition numbers, e.g., 4, 8, to enlarge the coverage distance for PDRCH were recommended.
· [ZTE] reported that 1) 4 repetitions provide 2.7 dB gain for TBS 96 bits and 4.5 dB for 400 bits relative to the existing 2 repetitions, 2) 8 repetitions provide additional 1.5 dB gain for TBS 96 bits and 1 dB for 400 bits relative to 4 repetitions, and 3) 16 repetitions provide additional 0.5 dB gain for TBS 96 bits and 0.2 dB for 400 bits relative to 8 repetitions.
· [CMCC] reported that, for device C, 10 repetitions are required to meet the coverage requirement under 20dB penetration loss. For device 2b, except for the UMa scenario with 0dB penetration loss, it fails to achieve coverage target in the remaining three scenarios, even with the maximum of 16 repetitions. The results indicate that the link budget gain provided by minimal repetition (e.g., 2 repetitions) is insufficient, and larger repetition numbers are required (>2, typically 10 or 16 as shown).
Three sources pointed out that too long repetitions will require larger energy storage size, which is not desirable for energy harvesting A-IoT devices.
· [QC] reported that long transmission duration makes devices spend power for longer duration with larger energy storage size. Hence, it was proposed to support additional D2R repetition numbers up to 4.
· [OPPO] reported that larger number of repetitions directly extends D2R transmission duration, thereby leading to higher energy consumption at the device side. Since A-IoT devices are power-constrained, compared to FEC, too larger number of repetitions is not an efficient use of the limited energy storage proposing the maximum repetition number of up to 4.
· [DOCOMO] reported that considering data rate at cell edge and corresponding transmission duration of PDRCH, at least 4 or 8 times of repetition is feasible while large number of repetitions such as 32 would not be feasible from energy assumption perspective
Two sources presented the benefit of non-continuous repetitions which can potentially improve performance with increased time diversity.
· [IITK] reported that enabling non-contiguous repetitions improves time diversity and allows for energy harvesting gaps, offering superior robustness for active devices compared to continuous transmission. It was proposed to support a repetition value of up to 4 to enhance reliability.
· [Samsung] reported that studying D2R repetitions with time-separated transmissions for active devices and D2R segmentation for improved device transmission sustainability.
One source mentioned the joint considerations between FEC coding rate and repetition.
· [Spreadtrum] reported that larger repetition number of block-level repetition can be considered if needed, and that supporting code rate for FEC and repetition number for D2R block-level repetition can be considered jointly for extending the coverage.
· [FW] For D2R, for channel coding, support different coding rates using the bit collection procedure.
---


Agreement:
Capture following companies’ observations on performance of interleaving and bit collection schemes (Alt1/2/3)
	Company
	Alt1 (LTE sub-block interleaver + LTE bit collection)
	Alt2 (LTE bit collection without interleaver)
	Alt3 (Segment-based bit collection)

	Qualcomm
	• 96-bit: 0.1 dB @ 10% BLER, 4 dB @ 1% BLER
• 400-bit: 2 dB @ 10% BLER, 9 dB @ 1% BLER
(vs. Rel-19 no FEC, 3 repetitions)
	• 96-bit: 0.1 dB @ 10% BLER, 4 dB @ 1% BLER
• 400-bit: 2 dB @ 10% BLER, 9 dB @ 1% BLER
(vs. Rel-19 no FEC, 3 repetitions)
	• 96-bit: 0.1 dB @ 10% BLER, 4 dB @ 1% BLER
• 400-bit: 0.1 dB @ 10% BLER, 4 dB @ 1% BLER
(vs. Rel-19 no FEC, 3 repetitions)
• Provides less latency reduction

	NTT DOCOMO
	• Can provide robust performance against bursty error scenarios
• More beneficial for D2R given longer coherent time, low data rate, and large TBS
• Provides time diversity gain
	• Can provide similar functionality as interleaving for interference randomization
• Different performance under burst error compared to Alt1
	• Needs more clarification on memory reduction details

	Xiaomi
	1.2 dB over Rel-19 scheme
	0.5 dB over Rel-19 scheme
	0.9 dB over Rel-19 scheme

	CMCC
	• 96-bit @ 10% BLER: ~1 dB gain
• 400-bit @ 10% BLER: SNR = 5 dB (Rel-19 fails)
(vs. Rel-19 scheme)
	• 96-bit @ 10% BLER: ~1 dB gain
• 400-bit @ 10% BLER: SNR = 8.5 dB (Rel-19 fails)
(vs. Rel-19 scheme)
	• 96-bit @ 10% BLER: ~0 dB gain
• 400-bit @ 10% BLER: SNR = 9.5 dB (Rel-19 fails)
(vs. Rel-19 scheme)

	FUTUREWEI
	• Provides two levels of distribution of errors:
  - Within encoder output stream
  - Between streams
• Best performance from both complexity and performance perspective
	• Provides distribution between encoder output streams
• Slightly worse than Alt1 because localized errors are not distributed before decoding
	• Provides less distribution than Alt2
• Less effective error distribution

	CATT
	• (16.67 μs, 96 bits): 0.1 dB gain
• (16.67 μs, 400 bits): 1.25 dB gain
• (133.33 μs, 96 bits): 1.79 dB gain
• (133.33 μs, 400 bits): 6.46 dB gain
(vs. Rel-19 scheme)
	• (16.67 μs, 96 bits): 0.15 dB gain
• (16.67 μs, 400 bits): 1.2 dB gain
• (133.33 μs, 96 bits): 1.61 dB gain
• (133.33 μs, 400 bits): 5.91 dB gain
(vs. Rel-19 scheme)
	• (16.67 μs, 96 bits): 0.05 dB gain
• (16.67 μs, 400 bits): 0.57 dB gain
• (133.33 μs, 96 bits): 0.61 dB gain
• (133.33 μs, 400 bits): 3.71 dB gain
(vs. Rel-19 scheme)

	ZTE
	• 0.2~2.4 dB gain over Rel-19
• Higher complexity but does not provide significant performance gains compared to Alt2 or Alt3
	• 0.2~2.3 dB gain over Rel-19
• Lowest computational complexity
	• 0.2~2.3 dB gain over Rel-19
• Lowest memory requirement

	vivo
	• 96-bit: 1~4.7 dB gain over Rel-19
• 400-bit: 1~4.7 dB gain over Rel-19
• Outperforms Rel-19 FEC
	• 96-bit: 1~4.1 dB gain over Rel-19
• 400-bit: 1~4.1 dB gain over Rel-19
• Negligible difference (~0.5 dB) from Alt1
• Outperforms Rel-19 FEC
	• 96-bit: 0~2.8 dB gain over Rel-19
• 400-bit: 0~2.8 dB gain over Rel-19
• Same performance as Rel-19 for 96-bit
• At least 1 dB less than Alt1/2

	HW
	• 1/3 TBCC, 96/400 bits @ 10% BLER: 0.8~2.7 dB gain
• 1/3 TBCC, 96/400 bits @ 1% BLER: 1.2~3.6 dB gain
• 1/4 TBCC, 8 block repetitions @ 10% BLER: 0.4~1.4 dB gain
• 1/4 TBCC, 8 block repetitions @ 1% BLER: 0.3~1.4 dB gain
• Beneficial to improve coverage
(vs. Rel-19 scheme)
	• 1/3 TBCC, 96/400 bits @ 10% BLER: 0.6~2.2 dB gain
• 1/3 TBCC, 96/400 bits @ 1% BLER: 0.9~3.2 dB gain
• 1/4 TBCC, 8 block repetitions @ 10% BLER: 0.1~0.6 dB gain
• 1/4 TBCC, 8 block repetitions @ 1% BLER: 0.1~0.6 dB gain
(vs. Rel-19 scheme)
	• 1/3 TBCC, 96/400 bits @ 10% BLER: 0.3~1.3 dB gain
• 1/3 TBCC, 96/400 bits @ 1% BLER: 0.4~1.9 dB gain
• 1/4 TBCC, 8 block repetitions @ 10% BLER: 0.1~0.4 dB gain
• 1/4 TBCC, 8 block repetitions @ 1% BLER: 0.1~0.3 dB gain
(vs. Rel-19 scheme)




Agreement:
Capture following companies’ observations on memory requirement of interleaving and bit collection schemes (Alt1/2/3).
	Company
	Alt1 (LTE sub-block interleaver + LTE bit collection)
	Alt2 (LTE bit collection without interleaver)
	Alt3 (Segment-based bit collection)

	QC
	• 2TP = 6× max TBS
  (T = max TBS, P = 3 polynomials)
• 96-bit TBS: 576 bits
• 400-bit TBS: 2400 bits
• Device requires full size buffer
	• TP = 3× max TBS
• 96-bit TBS: 288 bits
• 400-bit TBS: 1200 bits
• 50% reduction vs. Alt1
	• TP/2 = 1.5× max TBS
• 96-bit TBS: 144 bits
• 400-bit TBS: 600 bits
• Device requires smaller size buffer

	Xiaomi
	6 times of max TBS
	3 times of max TBS
	4.5 times of max TBS

	CMCC
	• >2× max TBS
	• ≥2× max TBS
	• ≥1× max TBS
• Lowest memory requirement among three alternatives

	CATT
	• At least 3× max TBS for rate 1/3 TBCC
	• At least 3× max TBS for rate 1/3 TBCC
	• Theoretical minimum: 3/2× max TBS
• Preferred: 3× max TBS to avoid timing conflicts

	vivo
	2 times of max TBS
	0 times of max TBS, i.e., memory-free
	at least 6 bits of memory corresponding to the tail bits of the first TB segment

	ZTE
	• Highest complexity and memory
• Requires logic circuits for interleaved addresses
• Non-sequential memory operations
• Less favorable for power consumption and cost control
	• 3× max TBS
• Significant memory requirements
• Lowest computational complexity
	• 1.5× max TBS (with two segments)
• Lowest memory requirement
• Less favorable for power consumption and cost control vs. Rel-19

	HW
	• ~3× max TBS when block repetition is larger than 1
	• ~3× max TBS when block repetition is larger than 1
	• ~3× max TBS when block repetition is larger than 1

	FW
	• Supports Alt1 from complexity perspective
• Requires memory for two-level error distribution
	• Requires memory for single-level error distribution
	• Same memory as Alt2 but provides less error distribution




Check
Agreement:
Capture following companies’ views on three options for interleaving and bit collection.
---
Preferred Interleaving / Bit Collection schemes
· [FW] proposes supporting Alt 1 for encoding from both a complexity and performance perspective, with ordering: CRC encoding, convolutional encoding, LTE sub-block interleaving, and bit collection/repetition.
· [TCL], [ID], [Huawei], and [IITK]  support Alt 1: reuse both LTE sub-block interleaver and LTE bit collection scheme.
· [QC] proposes considering Alt 2 interleaving with lower required memory and improved performance.
· [vivo] proposes considering Alt 2 interleaving: The performance of Alt 2 is comparable to Alt 1, better than Alt 3, and the buffer size requirement is smaller than Alt 1 and Alt 3, i.e., memory free for Alt 2 by polynomial sweeping implementation.
· [NEC] proposes that when memory size is limited at device side, Alt 3 (LTE bit collection with two segments and without LTE sub-block interleaver) should be preferred.
· [CMCC] proposes further studying additional alternatives: Alt. 4 (Rel-19 bit collection with interleaving) and Alt. 5 (Rel-19 bit collection with interleaving and row permutation).
· [CATT] proposes two options for interleaving for PDRCH with TBCC: either reuse both LTE sub-block interleaver and LTE bit collection scheme, or no interleaver for D2R transmission with FEC.
Companies Against Interleaving / Bit Collection scheme
· [Spreadtrum] propose that considering the limited power consumption budget and cost, it should not support the interleaver and LTE bit collection scheme for TBCC.
· [Ericsson] proposes not supporting interleaver or bit collection.
· [Samsung] proposes no study on the interleaving for PDRCH with FEC for Device 2b and Device C. But, if it is supported, then, Alt1 is preferred.
---


Agreement:
Capture following companies’ observations on processing order.
---
If LTE bit collection and interleaving scheme are assumed in Rel-20, then the required memory size and time domain diversity gain for the following two cases become different: case 1) repetition followed by FEC (Rel-19), 2) FEC followed by repetition. The memory impact is captured in [FW] observation.
· [FW] For the D2R link, when the repetition block is before TBCC encoding:
· [bookmark: OLE_LINK58]Alt 1: memory estimates and processing times are proportional to the number of repetitions.
· Alt 2 and Alt 3: memory estimates and processing times are invariant to the number of repetitions. Each alternative has the same memory needs and processing times.
Following companies suggested changing the order of repetition and FEC for Rel-20 active device.
· [HW] proposed that performing channel coding before block-level repetition is feasible and necessary.
· [CATT] observes that compared with block-level repetition applied after FEC for D2R, block-level repetition applied before FEC scheme requires Rblock times more interleaver memory as well as higher implementation complexity and processing delay, and proposes that if interleaving schemes are supported for D2R with FEC, block-level repetition should be performed after FEC and interleaving.
· [CMCC] recommends the order of channel coding first, followed by block-level repetition.
· [vivo] proposes considering block-level repetition after channel coding (with LTE bit collection) for D2R transmission.
· [QC] proposes that for PDRCH, block repetition is done after channel coding and bit collection.
· [Samsung] proposes that D2R block-level repetition after channel coding should be a baseline for device-side complexity reduction and energy sustainability.
· [IITK] proposes supporting block-level after FEC encoding for D2R transmissions.
· [Xiaomi] proposes that for PDRCH generation in Rel-20, the channel coding will be followed by block repetition, and the block repetition will be followed by scrambling.
---


Agreement:
Capture following companies’ observations on D2R FDM/FDMA.
---
General Support for D2R FDM/FDMA
Multiple sources proposed the support of FDM(A) for Rel-20 D2R by LO tuning. One source suggested FDM support for device C only. One source suggested supporting FDM for D2R transmission beyond Msg1 and Msg3 to improve efficiency.
· [Samsung] specifies that D2R FDMA should be supported only by adjusting the LO frequency (LO re-tuning).
· [IITK] proposes enabling FDM through a large frequency shift (LFS) for D2R transmission by active device types by adjusting the LO.
· [Apple] specifically proposes to support FDM for device C, while relying primarily on TDM for device 2b.
· [ZTE] propose that extending FDM to D2R transmission types beyond Msg1 and Msg3 can enhance A-IoT system capacity and efficiency.
· [vivo] reported that it is feasible and necessary to support D2R FDMed transmission by adjusting LO toward a target frequency.
· [Docomo] reports that other than Msg1 and Msg3, FDMA for contention based D2R transmission in DO-A procedure is beneficial to ensure the multiplexing capacity in outdoor scenario, and it is beneficial for reducing collision probability of  D2R transmission and reducing latency of the DO-A procedure.
---


Agreement:
Capture following companies’ observations on CDM.
---
Sequence-based Msg1 CDM for Rel-20
Different views are observed. Sources [Oppo], [CMCC], [TCL], [QC], [DCM], [Lenovo] support the introduction of sequence based Msg1 for Rel-20 to improve access efficiency of CBRA. Source [Ericsson], [Samsung], [Sharp] do not see necessity of introducing CDM for Rel-20. [FW], [HW], [ZTE], [ASUSTeK], [vivo] suggest further study on technical issues including synchronization, rx power variation, etc.
· Companies supporting CDMA:
· [OPPO] proposes that D2R CDM(A) for Device 2b and for Device C with sequence-based Msg1 transmission should be considered in Rel-20 A-IoT. They mentioned that device’s potential lack of ability for accurate measurement and power adjustment may result in the deviation of the received power at reader side from the target received power, which can affect the feasibility of CDM-based Msg 1 transmission.
· [CMCC] reported that sequence-based Msg1 transmission, with CDMA (code domain multiplexing capability is 4), the collision probability is reduced to 10% and 2% from 70% and 30% of Rel-19 random access based on RN16, if 10% and 50% of time domain resources are reserved for Msg1 transmission, respectively. Hence, D2R sequence-based Msg1 with new physical random-access chancel is recommended for Rel-20 A-IoT.
· [TCL] proposed to consider CDMA for D2R Msg1 transmission at least for Device C and study if LTE PRACH with ZC sequences could be used as baseline for further study.
· [QC] provided evaluation results showing the improvement of the Msg1 access efficiency of CBRA up to 18 times compared to Rel-19 Msg1 under the assumption of +-6dB of rx power variation, length 63 Gold sequence, and modulation scheme not limited to BPSK.
· [Docomo] reported that D2R CDMA can be necessary to ensure the multiplexing capacity in outdoor scenario, and it is beneficial for reducing collision probability of Msg1 transmission and reducing the latency of random access procedure. CDMA can be feasible considering improved SFO for device 2b/C from device 1 and potential support of power control.
· [Lenovo] stated that applying CDM to Msg1 transmission increases access capacity by allowing more devices to transmit simultaneously.
· Companies with positions against CDMA:
· [Ericsson] states there is no strong motivation to introduce CDMA from capacity perspective for Rel-20 A-IoT devices due to increased complexity at receiver side and high specification workload.
· [Samsung] observe that accurate CFO/SFO compensation and tight power control are difficult, so CDMA may not operate reliably due to synchronization errors and near-far effects.
· [Sharp] reported that CDMA has stringent synchronization requirements which may work with large CFO, and Rel-20 FDM/TDM could be further improved to provide sufficient multiplexing capability.
Following companies suggest further study potential benefits, sensitivity to power variation and SFO/CFO, etc. 
· [FW] observes that CDMA could increase the number of supported Msg1 transmissions. However, CDMA is not necessary for contention-based access procedure, as the bottleneck is Msg3 transmission, not Msg1. The sensitivity of rx power variation caused by near-far and CFO along with modified procedure needs additional study.
· [Huawei] reported that the necessity of sequence-based Msg1 needs further study since access efficiency gain is limited in some cases (e.g., high data rate). They propose studying m-sequence for better autocorrelation performance, considering 255-bit-sequence, addressing near-far effect with power control, and updating random access procedures compared to Rel-19.
· [ZTE] proposed evaluating the feasibility of D2R sequence-based Msg1, including sequence detection performance and complete inventory time for multiple devices.
· [ASUSTeK] proposes studying whether it's necessary to support both Msg1 FDMA and sequence-based Msg1.
· [vivo] provided input in following aspects:
· Feasibility of CDM through evaluation: In case of CDMed Msg1 with m-sequence and CDMed sequences are generated by different cyclic shifts with same m-sequence, for 31 bits m-sequence, 2 sequences can be CDMed without error floor in MDR performance; for 63 bits m-sequence, 3 sequences can be CDMed without error floor in MDR performance; for 127 bits m-sequence, 3 or 4 sequences can be CDMed without error floor in MDR performance.
· Required sequence length: to achieve similar performance as RN-16 based Msg1 with 1/3 TBCC and block level repetition 2, the required sequence length for sequence based Msg1 is 127 bits, and sequence based Msg1 from 3~4 devices can be CDM multiplexed.
· Considerations on the access efficiency gain evaluation:
· For CDMed sequence based Msg1, unnecessary Msg2 and Msg3 transmission resources will be caused by Msg1 collision, since reader can still successfully decode collided Msg1 sequence in some cases.
· Msg4 is needed to transmit for collision resolution for CDMed sequence based Msg1, but not needed for Rel-19 RN-16 based Msg1.
Following sources reported sequence characteristics such as length, sequence type, available sequence numbers, etc.
· [CATT] proposes that sequence length for sequence-based Msg1 should not be shorter than 31  and that NR preamble number could be a starting point for Device 2b/C in outdoor scenarios for the number of sequence-based Msg1.
· [OPPO] proposes limiting the number of binary sequences for Msg1 to 64 or fewer, with the exact number being configurable by the reader.
· [NEC] suggests that Gold sequence offers more choices than m-sequence, and the number of supported sequences should be 2x (e.g., 16, 32, 64, 128).
· [Docomo] reports that for sequence type for sequence-based Msg.1 transmission, both m-sequence and Gold sequence have good auto-correlation property. Gold sequence has better cross correlation property and can provide larger number of sequences with low cross correlation than m-sequence, which should be considered for Msg1 with CDMA.
---


Agreement:
Capture following companies’ observations on bandwidth definitions.
---
Bandwidth Definitions and Considerations
Companies reported the various aspects of bandwidth related definitions including transmission bandwidth, guard band, occupied bandwidth, and channel bandwidth.
· [Spreadtrum], [OPPO], and [QC] suggest that the definition of D2R bandwidth in Rel-19 should be the baseline/starting point for Rel-20.
· [Sharp] suggest to reuse the Rel-19 bit-duration definition for D2R channel bandwidth indication in Rel-20 A-IoT.
· [Huawei] suggest that the detailed values of transmission bandwidth can be discussed by RAN1 in WI phase.
· [Spreadtrum], and [CATT] suggest that the detailed values of guard band should be discussed by RAN4 in WI phase.
· [Huawei], [CMCC], and [NEC] suggest that guard band is required for D2R transmissions due to CFO.
· [CATT] suggests considering guard bands between A-IoT and NR in both DL and UL spectrum for outdoor scenarios.
· [ID] proposes that guard bands for different device types should be considered in D2R frequency domain resource allocation.
· [CATT] suggests that the occupied BW of each D2R transmission should consider the guard band in the allocated BW as (1+a) * BW_signal, where a is the effect factor related to the SFO and CFO and BW_signal is the bandwidth of the D2R signal.
· [CMCC] and [NEC] suggest that the occupied bandwidth should include both the transmission bandwidth and guard band due to CFO.
· [Xiaomi] states that guard band is required due to the impact of CFO and SFO for Device 2b, and guard band is required due to the impact of CFO for Device C.
· [ZTE] states that the D2R transmission bandwidth should be defined in integer multiples of 15 kHz, with a minimum bandwidth of 15KHz. The maximum bandwidth is to be decided in WI.
---


Agreement:
Capture following companies’ observations on frequency resource.
---
Frequency resource unit
Multiple sources proposed to define basic frequency domain resource unit(s) considering tx signal bandwidth and required guard band, which are uniformly or equally spaced in frequency domain.
· [TCL] proposes considering larger number of frequency domain resources for MSG1/Msg3 transmission for Device 2b/C.
· [QC] suggests that frequency domain resource unit and spacing are determined considering tx signal bandwidth and required guard band (e.g., due to LO uncertainty).
· [ZTE] propose that:
· D2R transmission bandwidth should be defined in integer multiples of 15 kHz, with a minimum bandwidth of 15KHz.
· D2R frequency-domain resource bandwidth is larger than D2D transmission bandwidth and is set to an integer multiple of 15 kHz.
· A uniform frequency-domain resource arrangement within the A-IoT bandwidth is recommended.
· [OPPO] proposes to define a frequency resource as the transmission bandwidth and two-sides predefined guard band for D2R FDMA.
· [HONOR] proposes to define D2R FDM resources across two levels: the RB level and the D2R channel level.
· [CATT] proposes two options for FDMed channel allocation: equally spaced center frequencies with fixed bandwidth, or multiple sub-bands allocated with a number of resource units associated with the data rate.
· [Xiaomi] proposed that the frequency resource unit can be defined by, e.g., the number of sub-channels or the size of guard band.
---


Agreement:
Capture following companies’ observations on frequency resource determination.
---
Frequency resource determination 
Multiple sources reported the method for frequency resource determination.
· [HW], [OPPO], [Samsung], [Sharp], [ID], [DCM], [ZTE] propose that the frequency location should be derived based on indication from reader, such as a reference frequency and offset.
· [Spreadtrum] proposes that the D2R carrier frequency information should be indicated by reader directly.
· [ZTE] noted two options for frequency-domain resource arrangement: symmetrically distributed on both sides of the reference frequency, or distributed on one side of the reference frequency.
· [NEC] proposes two options for frequency resource indication: offset represented by k*f_offset indicated by reader, or (sub)-channels pre-defined according to the transmission BW indicated by reader.
· [CMCC] proposes that broadcast information can be used to indicate FDMed frequency resources at least for Msg1 and Msg3, by providing reference frequency point, gap between FDMed frequency resources and the number of frequency resources.
· [Xiaomi] proposed that the available frequency resources, the number of sub-channels or the size of guard band can be pre-configured, and the index of sub-channel or transmission bandwidth can be indicated dynamically.
· [vivo] reported that for Msg1, a device determines the target frequency resource by reusing i.e., slot-aloha of Rel-19 AIoT design. And for other D2R transmissions, the frequency resource occasion for a device can follow the frequency resource selected for Msg1 or be indicated by the scheduling information of the corresponding R2D.
· [CATT] reported that the frequency offset or the index of the pre-defined sub-channel could be indicated to device via the control information in PRDCH.
---

R1-2601455	FL Summary #3 for 9.3.2.2. D2R signals, channels, waveform and procedures	Moderator (Qualcomm)

R1-2601456	FL Summary #4 for 9.3.2.2. D2R signals, channels, waveform and procedures	Moderator (Qualcomm)

R1-2601457	FL Summary #5 for 9.3.2.2. D2R signals, channels, waveform and procedures	Moderator (Qualcomm)

R1-2600070	D2R Air Interface for Device 2b/C	FUTUREWEI
R1-2600089	Study on D2R signals, channels, waveform and procedures	Huawei, HiSilicon
R1-2600102	Discussion on D2R signals, channels, waveform and procedures for Ambient IoT	Spreadtrum, UNISOC
R1-2600180	Discussion on necessary and feasible change to D2R for Rel-20 A-IoT	OPPO
R1-2600211	D2R signals, channels, waveform, and procedures	Ericsson
R1-2600328	Study of D2R signals, channels, and waveform and procedure of A-IoT enhancement for device 2b/C		CATT
R1-2600361	Discussion on AIoT D2R signals, channels, and procedures	Tejas Network Limited
R1-2600369	AIoT D2R signals, channels, waveform and procedures	Nokia
R1-2600379	Discussion on D2R signals, channels, waveform and procedures	CMCC
R1-2600418	Discussion on D2R signals, channels, waveform and procedures for Device 2b/C	Xiaomi
R1-2600452	Discussion on D2R design for active Ambient IoT device	ZTE Corporation, Sanechips
R1-2600492	Discussion on D2R Aspects for R20 AIoT	vivo
R1-2600546	D2R air interface for Device 2b/C	LG Electronics
R1-2600660	Study on D2R signals, channels, waveform and procedures	NEC
R1-2600744	Study on D2R aspects of air interface for Device 2b/C	Samsung
R1-2600816	On D2R design details for device 2b/C	Apple
R1-2600942	Study on D2R signals, channels, waveform and procedures	HONOR
R1-2600959	Discussion on D2R transmissions for active ambient IoT	TCL
R1-2600966	Discussion on D2R signals, channels, waveform and procedures	Sharp
R1-2600968	Discussion on D2R signals, channels, waveform and procedures for Ambient IoT	China Telecom
R1-2601021	Discussion on D2R for R20 Ambient IoT	Lenovo
R1-2601075	D2R Design for Active AIoT Devices	InterDigital, Inc.
R1-2601168	Study on D2R design and procedures for Ambient IoT outdoor for active device	NTT DOCOMO, INC.
R1-2601261	Study of D2R designs for Device 2b/C	Qualcomm Incorporated
R1-2601299	Discussion on D2R multiplexing/multiple access for A-IoT active device	ASUSTeK
R1-2601386	Discussion on D2R signals, channels, waveform and procedures for Ambient IoT	China Telecom
R1-2601443	Discussion on D2R signals, channels, waveform and procedures	IIT Kanpur
R1-2601460	Study of D2R designs for Device 2b/C	Qualcomm Incorporated
(Revision of R1-2601261)

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

R1-2600548	FL summary #1 for 9.3.2.3 “Other procedures for Device 2b/C”	Moderator (LG Electronics)

Agreement:
On the two open‑loop Tx power control methods for D2R, capture the following in TR 38.769.
---
For Option 1, sources (FUTUREWEI, Xiaomi, LGE, DOCOMO, TCL, vivo) report that Option 1 is feasible. 
· [FUTUREWEI] mentions that Option 1 is feasible, indicating that a device can measure the received R2D power at RF and derive its D2R transmit power based on a pathloss estimate obtained from reader‑provided transmit power and target power level.
· [Xiaomi] considers Option 1 feasible and prefers to support it due to its higher adjustment accuracy based on actual pathloss.
· [LGE] notes that Option 1 provides higher‑accuracy and more adaptive open‑loop power control based on pathloss, and is therefore the preferred approach.
· [DOCOMO] states that Option 1 offers finer‑granularity and more accurate D2R transmit‑power control, giving it an advantage for open‑loop operation.
· [TCL] states that Option 1 provides precise pathloss‑based D2R transmit‑power control that improves reliability, reduces interference, and enables energy‑efficient operation.
For Option 2, sources (FUTUREWEI, Xiaomi, LGE, DOCOMO, TCL, vivo) report that Option 2 is feasible, while source (Samsung) reports that Option 2 is not feasible.
· [FUTUREWEI] mentions that Option 2 is feasible, indicating that a device can perform an RSRP‑like baseband measurement that includes AGC effects and determine its D2R transmit power using a lookup table provided by the reader.
· [Xiaomi] notes that Option 2 is feasible due to its low complexity.
· [LGE] notes that Option 2 offers lower complexity through RSRP‑based power selection but provides coarser and less adaptive power control.
· [DOCOMO] states that Option 2 avoids device‑side formula computation, though the impact of such complexity remains unclear.
· [TCL] states that Option 2 offers simple RSRP‑range‑based selection but may cause under‑ or over‑powering due to coarse power levels.
· [Samsung] notes that Option 2 relies on an RSRP‑to‑power lookup table with coarse or dense quantization and is therefore not considered feasible for low‑complexity device operation.
Between Option 1 and Option 2, sources (Xiaomi, ZTE, LGE, ETRI, ASUSTeK, Quectel, TCL, vivo, OPPO) report that they prefer Option 1 over Option 2, while sources (Panasonic, Apple, Qualcomm, KT, Fraunhofer) report that they prefer Option 2 over Option 1. For Option 1, following observations were also provided during the study. 
· [OPPO] mentions that in Option 1 the device needs to estimate the pathloss using the reader‑indicated Tx power and an R2D measurement, and that limited measurement accuracy and power‑adjustment capability may cause the received power at the reader to deviate from the configured P0, which can affect CDM‑based Msg1 transmission.
· [Ericsson] mentions that under an open‑loop power‑control mechanism, a simplified NB‑IoT–like approach can be used as a baseline for Rel‑20 A‑IoT.
· [Nokia] notes that Option 1 should cover cases where the device cannot use the required or indicated transmit power.
· [ZTE] mentions that Option 1 provides smooth and adaptive power control based on real‑time pathloss and a predefined formula, is therefore the preferred approach.
· [vivo] notes that Option 1 achieves better power‑control accuracy because each device derives its own transmit power using pathloss calculated from RSRP.
· [NEC] notes that Option 1 for open‑loop power control follows a traditional pathloss‑based approach and can be studied for Rel‑20.
· [Panasonic] notes that Option 1 can provide more precise transmit‑power control but increases the computational complexity of Device 2b/C.
· [Samsung] notes that Option 1 enables open‑loop D2R power control using pathloss estimation based on comparing the average ON‑state power of known R2D signals with the configured ON‑state power.
· [Apple] notes that Option 1 enables continuous Tx power adjustment and can be applied for device C.
· [ETRI] states that Option 1 provides higher‑accuracy D2R transmit power adjustment based on pathloss and is therefore more suitable for A‑IoT operation.
· [Qualcomm] states that Option 1 provides more precise pathloss‑based power control but may not be essential for ultra‑low‑power devices given their large transmit‑power tolerance and higher complexity.
· [Quectel] states that Option 1 provides higher‑precision D2R transmit‑power control through pathloss‑based calculation, and the additional complexity is acceptable for device 2b/C.
· [ASUSTeK] states that Option 1 allows pathloss‑based D2R transmit‑power calculation using reader‑configured parameters and is slightly preferred due to lower specification complexity.
· [KT] states that Option 1 provides finer‑grained D2R transmit‑power control through pathloss‑based calculation.
· [Fraunhofer] states that Option 1 performs pathloss‑based open‑loop power control but requires explicit pathloss calculation and higher device complexity.
For Option 2, following observations were also provided during the study. 
· [OPPO] mentions that in Option 2 the device maps a measured RSRP to a D2R transmit power, but frequent updates of the mapping between RSRP ranges and D2R transmit powers are required when the reader’s Tx power changes, resulting in increased R2D signaling overhead.
· [Ericsson] mentions that within the open‑loop power‑control framework, Option 2 can be considered alongside Option 1.
· [Nokia] notes that Option 2 assumes that the corresponding D2R transmit power includes zero power.
· [ZTE] notes that Option 2 uses an RSRP‑based mapping with complexity comparable to Option 1.
· [vivo] notes that Option 2 provides worse power‑control accuracy, as devices rely only on RSRP ranges and may select identical transmit power within the same range, by which the power control is unachievable within each RSRP range. And suitable RSRP thresholds are difficult for the reader to configure. For example, the reader cannot be aware of the certain range of RSRP for devices. To reach all the devices, reader has to consider a very wide total RSRP range, leading to the inventory or service latency.
· [NEC] notes that Option 2 can also be studied, but it relies on the underlying assumption that the reader’s transmit power remains constant.
· [Panasonic] notes that Option 2 offers a simpler RSRP‑based implementation and is therefore the preferred approach for Device 2b/C.
· [Apple] notes that Option 2 offers a simpler implementation suitable for device 2b, making it a more practical choice.
· [ETRI] states that Option 2 reduces complexity but offers only coarse power control due to its RSRP‑range‑based design.
· [Qualcomm] states that Option 2 offers a simpler RSRP‑range‑based approach that aligns well with the practicality of ultra‑low‑power devices and is generally more suitable for such deployments.
· [Quectel] states that Option 2 avoids pathloss calculation but offers only lower‑precision power control despite having similar measurement requirements.
· [ASUSTeK] states that Option 2 uses RSRP‑range‑based power control with lower calculation complexity but involves a trade‑off between required information overhead and power‑control performance.
· [KT] states that Option 2 offers a simpler RSRP‑range‑based method that aligns well with low‑complexity A‑IoT devices and can be enhanced through refined RSRP range design.
· [Fraunhofer] states that Option 2 provides a simpler RSRP‑range‑based open‑loop power control method with configurable power‑ramping behavior, making it suitable for A‑IoT devices with intermittent availability.
---


Agreement:
On the necessity and feasibility of closed‑loop Tx power control for D2R, capture the following in TR 38.769.
---
Necessity and feasibility of closed‑loop Tx power control for D2R are studied. Sources (DOCOMO, Spreadtrum, OPPO, Nokia, ZTE, Samsung, KT) indicate that closed‑loop Tx power control is necessary and source (DOCOMO) further states that it is feasible and necessary. 
· [DOCOMO] states that closed‑loop power control can effectively mitigate interference in multi‑reader scenarios, with only minimal additional R2D overhead.
· [Spreadtrum] mentions that because device‑side measurement is difficult, at least closed‑loop D2R power control should be supported, with the reader measuring the D2R signal, determining the appropriate transmit power, and indicating it to the device for power control.
· [OPPO] mentions that closed‑loop power control is suitable for Msg 3 and other D2R data transmissions, where the reader measures the preceding D2R transmission and indicates a power‑control command to the device through the D2R scheduling message.
· [Nokia] observes that in a stationary environment, closed‑loop power control can achieve significantly higher accuracy than open‑loop power control due to device measurement errors, device power‑setting tolerance, and FDD uplink/downlink pathloss differences.
· [ZTE] notes that closed‑loop power control enables devices to transmit at a configured power level through R2D control signaling.
· [Samsung] notes that closed‑loop D2R power control should be studied, as reader feedback can refine device transmit power beyond OLPC accuracy.
· [KT] states that closed‑loop power control should be studied for D2R transmission, as it enables real‑time power adjustment based on reader feedback.
Source (LGE) states that closed‑loop Tx power control is feasible but not necessary.
· [LGE] notes that closed‑loop power control is feasible but not essential compared to open‑loop power control.
Source (Qualcomm) states that closed‑loop Tx power control is feasible and can be beneficial.
· [Qualcomm] states that the closed-loop power control is feasible and can be beneficial for interference management of device-specific D2R transmission at the price of higher overhead and complexity.
Sources (FUTUREWEI, Xiaomi) state that closed‑loop Tx power control is not feasible.
· [FUTUREWEI] mentions that closed‑loop power control is not feasible, noting that it introduces additional signaling overhead for power adjustment, is limited by device availability, and still requires support for open‑loop power control for the initial D2R transmission.
· [Xiaomi] notes that closed‑loop power control increases device power consumption due to continuous monitoring and is therefore not feasible for A‑IoT devices with limited power and low complexity.
Sources (vivo, ETRI) state that closed‑loop Tx power control is not necessary.
· [vivo] notes that closed‑loop power control is unnecessary for R20 A‑IoT devices if open‑loop power control is introduced, given the added design complexity and unclear HARQ‑ACK feedback mechanism.
· [ETRI] states that closed‑loop power control is not considered for Rel‑20 A‑IoT due to its signaling and energy overhead.
Source (Panasonic) states that the closed-loop power control would increase the signaling overhead and the device complexity, but a device/group-specific correction parameter could be considered along with the open-loop power control for better power control flexibility.
---


Agreement:
On the necessary information for D2R Tx power control and its provisioning, capture the following in TR 38.769.
---
On the required information for D2R Tx power control at the reader and device, sources (OPPO, Samsung, Qualcomm, DOCOMO, Panasonic) state that Tx‑power–related parameters can be considered.
· Sources (OPPO, Samsung, Qualcomm) state that the Tx power of the reader can be set by the reader.
· Source (DOCOMO) states that coefficient of pathloss can be beneficial for balancing between inter-cell interference and performance at cell edge for Option 1.
· Sources (Qualcomm, Panasonic) state that the target received power at the reader can be configured by the reader for Option 1.
· Sources (Qualcomm, Panasonic) state that the RSRP thresholds and the Tx‑power mapping per RSRP range can be configured by the reader for Option 2.
Sources (Nokia, InterDigital) state that device power/energy‑related information is needed for closed-loop Tx power control for D2R.
· Source (Nokia) states that at least the available power of an A‑IoT device can be reported by the device.
· Source (InterDigital) states that D2R power control depends on the device energy level.
---


Agreement:
On potential impact of D2R CDM(A) for Msg1 on random access procedure for Device 2b and for Device C, capture the following in TR 38.769.
---
Potential impact of D2R CDM(A) for Msg1 on random access procedure for Device 2b and for Device C is studied and following observations were provided during the study.
· [FUTUREWEI] mentions that although CDMA can increase the number of supported Msg1 transmissions in the contention‑based access procedure, it would modify the handling of Msg2 and the scheduling of Msg3, while the dominant bottleneck remains the much larger Msg3 transmission.
· [Huawei] mentions that if sequence‑based Msg1 is introduced, the RA procedure becomes very similar to the legacy NR 4‑step RACH procedure and can be handled by RAN2 during the WI phase.
· [LGE] notes that the necessity of Msg1 CDMA remains unclear given existing Msg1 TDMA/FDMA designs, but if required, binary sequence–based Msg1 and related procedural enhancements—including sequence indication via Msg2 and predefined D2R modulation—should be considered.
· [NEC] notes that D2R CDM(A) for sequence‑based Msg1 may impact the random‑access procedure, requiring consideration of a four‑step RA process.
· [DOCOMO] states that collision handling for sequence‑based Msg1 should be studied and can be resolved with minimal enhancements in the RAN2 random‑access procedure.
· [Qualcomm] states that explicit or implicit contention resolution using Msg3 and Msg4 should be considered when sequence‑based CDMA is used for Msg1 in the CBRA procedure.
· [vivo] states that if msg1 is sequence-based, instead of RN16, contention resolution i.e., msg4 is needed for random access procedure, aiming to deal with the msg1 collision.
· [CMCC] states that contention resolution using Msg3 and Msg4 should be considered when sequence‑based CDMA is used for Msg1 in the CBRA procedure.
---


Agreement:
At least for CBRA for DT and DO-DTT, regarding the changes to existing timing offset value b/w R2D and corresponding subsequent D2R (e.g., Toffset1/2/3/4) for Device 2b and for Device C, capture the following observations in TR 38.769:
---
Sources (FUTUREWEI, CATT, CMCC, Xiaomi, ZTE, LGE, NEC, ETRI, TCL, DOCOMO, OPPO, Qualcomm, Ericsson) state that changes to existing timing offset values Toffset1/2/3/4 are necessary. Following observations were provided.
· [FUTUREWEI] mentions that the values of Toffset1, Toffset3, and Toffset4 may vary depending on the PRDCH and PDRCH payload lengths, while Toffset2 is expected to be smaller due to improved SFO but may still reflect propagation‑delay effects.
· [CATT] observes that the timing‑offset configuration should be updated in Rel‑20 to reflect the revised maximum numbers of time‑domain resources for Msg1/Msg3, the improved SFO accuracy of Device 2b/C, and the FEC scheme for R2D transmission.
· [CMCC] notes that the corresponding Toffset values need to be updated for occasions with X1 > 2 and X3 > 1.
· [Xiaomi] notes that the existing timing‑offset values (e.g., Toffset1/2) need to be updated for Device 2b/C, given their smaller SFO values and the potential additional R2D decoding time when R2D FEC is considered.
· [ZTE] notes that new values of Toffset1/2/3/4 need to be considered for Device 2b/C, as their R2D/D2R processing characteristics and SFO values differ from those of Device 1.
· [LGE] notes that supporting multiple TDM resources may require increasing TR→D for reliable reception and synchronization, and that introducing R2D FEC may further increase the minimum TR→D due to device‑side decoding time and the minimum TD→R due to reader‑side PRDCH encoding time.
· [NEC] notes that timing coefficients and related parameters should be refined in Rel‑20 due to improved SFO for Device 2b, enhanced processing capability of active devices, the use of multiple Msg1/Msg3 transmissions, and the additional delay introduced by R2D FEC decoding.
· [ETRI] states that Toffset2 as well as Toffset1, Toffset3, and Toffset4 should be revised in Rel‑20 A‑IoT to reflect improved device SFO performance and updated R2D/D2R air‑interface assumptions.
· [TCL] states that the timing offset TR→D​ for MSG1, MSG3, and upper‑layer data should be updated for device 2b/C due to different processing time compared with device 1.
· [DOCOMO] states that timing offsets between R2D and the corresponding D2R should be revisited in Rel‑20 considering improved device capabilities, potential new processing requirements, updated chip duration, and RTT/SFO impacts, and that using reader‑provided timing offsets can offer better scheduling flexibility.
· [OPPO] states that if the same self-calculated approach is reused for device 2b/C, at least Toffset1/2/3/4 can be redefined to optimize both the latency and capacity. However, when the X number of time domain resources is increased (e.g., X=4) for Msg1 or Msg3 transmission for device 2b/C, additional timing offset would be needed for the 3rd and 4th time domain resources.
· [Ericsson] states that for Device 2b/C in Rel-20, a more flexible and dynamic time interval between R2D transmission and D2R reception, and vice-versa, are necessary.
Sources (Huawei, vivo) state that existing timing offset values Toffset1/2/3/4 should not be supported. Following observations were provided.
· [Huawei] mentions that if the number of time‑domain resources for Msg1 or Msg3 exceeds that in Rel‑19, additional timing offsets would be required, making the use of predefined timing offsets overly complex and therefore not supportable.
· [vivo] notes that active A‑IoT devices should operate in half‑duplex mode, and the minimum timing offset between R2D and the subsequent D2R (e.g., Toffset1/2/3/4) for Device 2b/C should account for Rx–Tx switching delay—around 1 ms as referenced from NB‑IoT—and any R2D FEC processing delay if supported.
---


Agreement:
At least for DT and DO-DTT, regarding the necessity and feasibility of timing offset provided by a reader for Device 2b and for Device C, capture the following observations in TR 38.769:
---
Sources (FUTUREWEI, Huawei, vivo, ETRI, Qualcomm) state that the timing offset provided by a reader is both feasible and necessary.
· [FUTUREWEI] mentions that determining the timing values is better handled at the reader side due to their dependence on PRDCH and PDRCH payload lengths, and that the reader‑computed value(s) can be included in the PRDCH payload portion and stored for contention‑based procedures.
· [Huawei] mentions that indicating the time offset between R2D and the corresponding D2R at the reader side is feasible, beneficial, and should be supported, whereas providing the timing offset between a D2R transmission and the subsequent R2D transmission is unnecessary since the device is expected to continuously receive the corresponding R2D message after transmitting the D2R message subject to processing‑delay requirements.
· [vivo] notes that a reader‑indicated timing offset between R2D and the subsequent D2R transmission is both feasible, given achievable timing alignment in Rel‑20 A‑IoT, and necessary to accommodate new R2D transmission types (e.g., periodic sync signal) and improve scheduling flexibility.
· [ETRI] states that reader‑indicated dynamic timing offsets between R2D and the corresponding D2R transmission are feasible in Rel‑20 A‑IoT.
· [Qualcomm] states that a configurable time offset between R2D and the corresponding D2R, and between D2R and the corresponding R2D, should be considered, as delayed scheduling with such an offset is noted as feasible and beneficial for supporting active devices.
Following observations were also provided during the study.
· [Ericsson] mentions that the reader can indicate Toffset1 through broadcast information and can also indicate Toffset3 and Toffset4 via higher layer or L1 control information in the corresponding PRDCH.
· [CMCC] states that the Rel‑20 timing design between R2D and the subsequent D2R transmission should support time‑offset indication in the R2D message.
· [Samsung] notes that indicating TR2D/TD2R timing relationships, including the timing of each access occasion in TDMA‑based access, in the preceding PRDCH should be studied to provide flexibility beyond the fixed and overly pessimistic timing defined in Rel‑19.
· [DOCOMO] states that device 2b/C can save energy if the R2D reception timing is indicated by the reader.
Sources (Spreadtrum, CATT, LGE) state that the timing offset provided by a reader is not necessary.
· [Spreadtrum] mentions not supporting the indication of existing timing offsets between R2D and the corresponding D2R, or between D2R and the corresponding R2D, for Device 2b/C.
· [CATT] considers that dynamic signaling for indicating the timing offset for R2D and D2R transmission is unnecessary in Rel‑20.
· [LGE] notes that providing the timing offset between R2D and the subsequent D2R (or vice versa) helps the device anticipate the next event for timely CFO calibration and synchronization, but a long interval may introduce frequency drift and degrade the accuracy of the subsequent transmission or reception.
---


Agreement:
At least for CBRA for DT and DO-DTT, regarding the changes to existing timing offset value b/w D2R and corresponding subsequent R2D (e.g., T_D2R_min) for Device 2b and for Device C, capture the following observations in TR 38.769:
---
Sources (FUTUREWEI, OPPO, vivo, TCL) state that changes to existing timing offset T_D2R_min are necessary.
· [FUTUREWEI] mentions that TD2Rmin is expected to change due to the RF switch occurring.
· [OPPO] provides to RAN4 that TD2R_min may be impacted by increased D2R resource usage, the introduction of FDM for R2D, higher R2D‑generation complexity (e.g., FEC/repetition), and device frequency switching between UL and DL.
· [vivo] notes that the Tx–Rx switching delay imposed by half‑duplex operation should be an additional factor affecting TD2R_min for Device 2b/C.
· [TCL] states that the minimum timing offset TD2R_min​ should also be changed for device 2b/C relative to device 1.
On the other hand, sources (ZTE, DOCOMO) state that there is no need to change. Following observations were provided.
· [ZTE] notes that the value of TD2R_min for Device 2b/C is determined by RAN4, as no additional RAN1‑side factors affecting this parameter are introduced in Rel‑20.
· [DOCOMO] states that the value of T_D2R_min for device 2b/C does not need to change from Rel‑19.
---


Agreement:
At least for DT and DO-DTT, regarding the necessity and feasibility of introduction of new timing offsets for Device 2b and for Device C, capture the following observations in TR 38.769:
---
On the timing offset between two consecutive R2D transmissions for the same device (TR2D_R2D_min), sources (FUTUREWEI, vivo, LGE, OPPO, ZTE, DOCOMO) state that introduction of the new timing offset (TR2D_R2D_min) is feasible and necessary, while source (ETRI) states that it is not necessary. Sources (Xiaomi, Ericsson) state that the necessity depends on the detailed procedure design. Following observations on the new timing offset (TR2D_R2D_min) were provided during the study.
· [FUTUREWEI] mentions that TR2D_R2D_min is needed when consecutive R2D transmissions for the same device are supported, as the device requires time to process the first R2D transmission before receiving the next, and that the corresponding value functions as a scheduling constraint at the reader side that is not provided to the device.
· [vivo] notes that introducing a minimum timing offset TR2D_R2D_min between two consecutive R2D transmissions for the same device is both feasible and necessary, given that devices cannot decode the latter R2D transmission if the interval is shorter than the required processing time.
· [LGE] notes that the timing offset between two consecutive R2D transmissions (TR2D_R2D) should be studied to support scenarios where multiple Msg2 PRDCHs are transmitted in succession.
· [OPPO] mentions that a minimum time gap between L1 R2D control information and the corresponding R2D data should be defined if they are not always consecutive.
· [ZTE] notes that a time interval TR2D_R2D between two consecutive R2D transmissions, along with the associated transmission details, should be considered in Rel‑20 A‑IoT.
· [DOCOMO] states that the timing offset between two consecutive R2Ds should be studied for cases where R2D control information is encoded with a separate CRC from R2D data.
· [Ericsson] mentions that the timing relationship between the R2D sync signal and the R2D broadcast information can be hardcoded in the specification or derived from a predefined rule, and that the start of the paging/Msg0 monitoring window can be defined relative to the R2D sync signal and indicated to devices through the broadcast information.
· [Xiaomi] states that whether to introduce new timing offset(s) between two consecutive R2D or D2R transmissions for the same device is depending on the definition of Rel-20 A-IoT procedures.
· [ETRI] states that defining a new minimum timing offset T_R2D_R2D_min is not considered because no use cases require consecutive R2D transmissions.
---
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Agreement:
On the D2R signal(s)/channel(s) applicable to A-IoT device localization, capture the following observations in TR 38.769.
---
D2R signal(s)/channel(s) which is/are feasible and applicable for A-IoT device localization is/are studied. For the D2R signal(s)/channel(s) which is/are feasible and applicable for A-IoT device localization, sources (FUTUREWEI, Apple, vivo) mention D2R preamble.
· [FUTUREWEI] For D2R RSRP-like measurement, the reader can use the D2R preamble for the reference signal and measure the power between the end of R2D transmission and start of the D2R transmission to estimate the noise and interference.
· [Apple] D2R preamble is the applicable signal for RSRP-like measurement. D2R RSRP-like measurement can be performed on existing D2R preamble without requiring dedicated positioning signals, enabling proximity determination for outdoor device localization.
· [vivo] D2R preamble can be used for the positioning purpose. 
Sources (Huawei, Ericsson, DCM) mention D2R preamble and midamble(s) for the D2R signal(s)/channel(s) which is/are feasible and applicable for A-IoT device localization.
· [Huawei] D2R preamble and midamble signals are used for D2R RSRP-like measurement for device localization.
· [Ericsson] D2R-amble-RSRP is defined as the linear average over the power contributions (in [W]) of chips that carry the D2R preamble over PDRCH. A secondary measurement can be defined as the linear averaging over the power contributions of chips that carry D2R preamble and D2R midambles over PDRCH.
· [DCM] For positioning, at least D2R RSRP measurement on D2R preamble and D2R midamble when m sequence is used for midamble are feasible. In the previous meetings, it was agreed to consider m sequence and Gold sequence for D2R preamble, and it was agreed to consider m sequence, all 1 sequence and Hadamard sequence for D2R midamble. From our perspective, m sequence and Gold sequence can be used for RSRP measurement at reader thanks to good auto-correlation property, and RSRP measurement based on m sequence and Gold sequence has been widely used in NR and should be feasible.
Sources (OPPO, Xiaomi, ZTE) indicate D2R preamble and/or midamble(s).
· [OPPO] D2R preamble and/or mid-amble, which is applicable for all of D2R transmissions even for sequence-based Msg 1 without associated PDRCH, can be considered for D2R RSRP measurement.
· [Xiaomi] The current D2R signal structure including a preamble, midamble(s), and PDRCH, where preamble and midamble(s) are sequence based on the current agreements. Therefore, for RSRP-like measurement, it is feasible for Reader to measure the D2R preamble or midamble(s).
· [ZTE] Based on introduction of open loop or closed loop power control for D2R, reader is feasible to use D2R preamble or midamble to obtain more accurate localization information.
Source (CATT) states D2R signals (sequence embedded in the PDRCH) and D2R preamble, and source (Qualcomm) states D2R preamble and/or midamble(s), and PDRCH. 
· [CATT] A sequence with length 127, which is designed for the A-IoT device positioning, was embedded in the PDRCH for the D2R RSRP-like measurements. For the study of sequence length and type, we conducted the following length-31, length-63 and length-127 of M-sequence and Gold sequence with evaluation results. From the evaluation results, it can be seen length-127 M-sequence or Gold-sequence show a lower residual SFO error comparing to that of length-31 M-sequences or Gold-sequence and length-63 M-sequences or Gold-sequence. Since SFO is one of the main factors to measurement accuracy of RSRP, gold sequences or m-sequences with a length of 127 can be used as candidates.
· [Qualcomm] For D2R RSRP-measurement based positioning and proximity determination, PDRCH and D2R preamble/midamble with sufficient time duration and stable transmit power can be considered for D2R measurement. Using multiple measurements or extending D2R transmission increases accuracy. For D2R measurement, unicast D2R transmission can be used: Alt1: D2R Preamble/Midamble, Alt2: PDRCH. For Alt.1, the preamble and/or midamble can be used for RSRP measurement, provided they have sufficient transmission time and combined appropriately. For Alt.2, the PDRCH carries D2R control or data payload and repetitions for reliability can be used to improve power measurement accuracy.
---


Agreement:
On the measurement aspects (e.g., metric) for A-IoT device localization, capture the following observations in TR 38.769.
---
Regarding the D2R RSRP-like measurement for A-IoT device localization, following observations were provided during the study.
· [FUTUREWEI] Use NR measurements (SL PRS-RSRP and UL-SRS-RSRP) as a reference. For D2R RSRP-like measurement, the reader can use the D2R preamble for the reference signal and measure the power between the end of R2D transmission and start of the D2R transmission to estimate the noise and interference. To estimate proximity, a reader can also consider the effects of propagation delay based on when the D2R transmission is received.
· [Huawei] D2R RSRP-like measurement is defined as the time domain linear average over the power contributions (in [W]) of preamble and midamble signals within the signal transmission bandwidth during the D2R transmission.
· [Ericsson] D2R-amble-RSRP is defined as the linear average over the power contributions (in [W]) of chips that carry the D2R preamble over PDRCH. A secondary measurement can be defined as the linear averaging over the power contributions of chips that carry D2R preamble and D2R midambles over PDRCH.
· [CATT] The definition of RSRP-like and AOA measurement quantity can refer to TR 38.215(NR; Physical layer measurements).
· [Xiaomi] The RSRP-like definition in A-IoT is the linear average of the received power in occupied chips and over the frequency resources that carry the measured signal. For example, if D2R is applied with OOK modulation, referring to the definition of LP-RSRP where measured signal is also an OOK waveform, RSRP-like definition in A-IoT is the linear average of the received power in OOK ON chips over the frequency resources that carry the measured signal.
· [Qualcomm] At reader side, how to measure the RSRP may be up to reader implementation. However, it may require the averaging of the D2R measurements based on D2R signals/channels with sufficient time duration and stable transmit power from device side.
· [NEC] D2R RSRP based measurement and positioning is feasible. R20 AIoT should support D2R RSRP based measurement.
---


Agreement:
On A-IoT device localization methods, capture the following observations in TR 38.769.
---
On A-IoT device localization for Device 2b/Device C for more accurate outdoor Device localization than based on Reader-ID, following observations on device localization methods were reported. 
· [FUTUREWEI] A reader can combine timing and power measurements for proximity determination. A reader can estimate the distance to the device based on the delay measurement and accounting for the SFO.
· [Huawei] D2R RSRP measurement based on preamble and midamble, and fingerprint-based positioning scheme is adopted. The positioning algorithm is Weighted K-Nearest Neighbor (WKNN).
· [Ericsson] Assuming Tx power of the device is known by the reader and LOS between A-IoT and the reader, one approach for having a more granular outdoor device localization than the reader-based is that the reader can compare the RSRP of D2R signal with different RSRP threshold values, and estimate the zone that the device is located in.
· [CATT] Joint estimation of distance from RSRP-like measurements and AOA estimation with reader-based beam sweeping in the implementation is proposed.
· [Xiaomi] Reader determines whether A-IoT device is far from or close to itself by comparing the measured RSRP value with an RSRP threshold. Reader determines a corresponding distance range when the measured RSRP value falls in an RSRP range.
· [NEC] D2R RSRP is a feasible approach at the current stage. Base on D2R RSRP value, at least device could be grouped into near group or far group roughly.
· [Apple] Proximity determination based on D2R RSRP measurement is sufficient for outdoor use-cases requiring several tens of meters accuracy, without needing dedicated positioning architecture. Further consider more finer granularity of proximity including, very near, near and far depending up on the measurement strength.
· [Fraunhofer] Introduce an explicit mechanism to set a context for positioning-related signaling. Even when high-accuracy positioning is not required, establishing a coarse spatial relationship such as a coverage zone is beneficial. To enable this, it is important that measurements and signaling exchanges are interpreted within a clear operational context. In particular, devices should be able to distinguish whether a reception instance is intended for regular inventory or command operation, or for positioning-related measurement purposes. Such contextual awareness will prevent unnecessary activity or energy consumption at the device.
· [ZTE] In Rel-20 Ambient IoT, based on D2R preamble or midamble, it is possible for reader to use these ambles to do the RSRP-like measurement and obtain the localization information if the power control including open loop or closed loop power control is introduced.
· [Qualcomm] Multi-reader positioning based on RSRP measurement is evaluated using weighted-centroid algorithm. The position estimate is given by a weighted average of BS reader locations, wherein the weights are a function of the RSRP measurement at each of the BS/readers and the same D2R transmission using a 63-length m-sequence is measured per reader.
---


Agreement:
On A-IoT device localization methods, capture the following observations in TR 38.769.
---
On A-IoT device localization for Device 2b/Device C for more accurate outdoor Device localization than based on Reader-ID, sources (Huawei, CATT, Qualcomm) provided evaluation results. 
· [Huawei] D2R RSRP-like measurement is feasible for Device C to achieve more accurate outdoor Device localization than based on Reader-ID. D2R RSRP measurement based on preamble and midamble, and fingerprint-based positioning scheme is adopted. The positioning algorithm is Weighted K-Nearest Neighbor (WKNN). Achieved localization performance, i.e., 82m@90%.
· [CATT] After SFO/CFO calibration, the positioning accuracy of RSRP+AOA method is about 17m (90% CDF) for Device 2b and is about 13m (90% CDF) for Device C.
· [Qualcomm] Multi-reader positioning based on RSRP measurement is evaluated using weighted-centroid algorithm. The position estimate is given by a weighted average of BS reader locations, wherein the weights are a function of the RSRP measurement at each of the BS/readers and the same D2R transmission using a 63-length m-sequence is measured per reader. For outdoor positioning, Outdoor BS/reader can achieve position estimation about 72~114% of cell radius at 80~90% percentage error for Device 2b in UMi layout, and about 84~110% of cell radius estimation at 80~90% percentage error for Device C in UMa layout. For proximity determination to identify a unique device relative to a reader, in Outdoor scenario, UE/reader can reach 95~98% success rate with 2 to 6 nearby devices; BS reader can achieve 48~80%. In Indoor scenario, UE/reader can reach 77~92% success rate with 2 to 6 nearby devices; BS/reader can achieve 56~83%. BS/readers generally perform worse, primarily because fixed BS/reader cannot approach the devices as flexible as UE/reader.
---


Agreement:
On the options for how a device acquires the reader ID-related information, capture the following in TR 38.769:
---
For Option 1, Sources (Huawei, Spreadtrum, CMCC, ZTE, NEC, China Telecom, Sharp, ETRI, DOCOMO, Qualcomm, Fraunhofer) state that Option 1 should be supported.
· [Huawei] The device can receive reader ID-related information in the initial part of the access procedure, enabling it to be able to use the reader ID for both reader differentiation and for the initial D2R transmission for DO-A. In the case of 2-step broadcast information acquisition, the reader ID can be included in the first step itself to ensure that the device receives the reader ID-related information in time to perform reader differentiation and DO-A transmissions, while not impacting the overhead significantly.
· [Spreadtrum] Considering reducing the complexity of sequence detection for device, only one sequence of R2D periodic synchronization signal is supported. It’s not suitable to carry reader-ID using sync signal, so option 1 should be supported that Reader ID-related information is contained in the broadcast information.
· [CMCC] This relaxes synchronization signal detection complexity, but since the device cannot identify the cell before decoding the channel for broadcast, cell-specific parameters cannot be applied to physical channel carrying broadcast information, so inter-Reader interference randomization cannot be used.
· [ZTE] Considering outdoor networking requirements, additional information such as the Cell or reader ID and Transaction ID also needs to be included in the broadcast information to help the device identify the serving cell or reader.
· [NEC] Due to the poor anti-interference capability of OOK and Manchester coding, it is difficult to enable different readers to be deployed on the same frequency point. Then, if in a certain area, there can only be one reader at a specific frequency point, i.e., there will be no adjacent readers deployed on the same frequency point, reader ID is unnecessary to be indicated along with each of the R2D transmission, it is enough to only indicate it during the initial frequency acquisition procedure, i.e., indicated by broadcast information.
· [China Telecom] Placing the reader ID outside the broadcast information would affect measurement and camp operations, which means measurement is only performed after synchronization procedure and waiting for the related signaling. Therefore, the reader ID should be included in the broadcast information. 
· [Sharp] Option 1 (broadcast-based reader ID) should be adopted as a baseline mechanism for reader identification, ensuring that all devices can obtain basic reader identification information with minimal complexity. Options 2, 3, and 4 may be additionally supported and used by devices to further identify and differentiate the corresponding reader, especially in outdoor scenarios where multiple readers coexist and enhanced differentiation is required.
· [ETRI] [Sharp] Option 1 (broadcast-based reader ID) should be adopted as a baseline mechanism for reader identification, ensuring that all devices can obtain basic reader identification information with minimal complexity. Options 2, 3, and 4 may be additionally supported and used by devices to further identify and differentiate the corresponding reader, especially in outdoor scenarios where multiple readers coexist and enhanced differentiation is required.
· [DOCOMO] For initial broadcast information acquisition, reader ID-related information is contained in the broadcast information or carried by L1 R2D control information, i.e., option 1 or option 3 in the agreement should be considered.
· [Qualcomm] Periodic system information (SIB) can provide necessary information including at least: Reader ID-related information, e.g., higher layer reader ID, R2D-related configuration, D2R-related configuration, etc.
· [Fraunhofer] Mechanisms that provide reader‑ID‑related information during the discovery phase are more suitable than those relying on later‑stage control or higher‑layer signaling. Options 1 and 2, which convey or derive reader identification from broadcast information or periodic synchronization signals, respectively, align naturally with this requirement. Embedding or deriving reader‑ID‑related information from these early signals therefore minimizes delay, reduces energy consumption, and supports rapid reader selection in multi‑reader and mobility scenarios.
On the other hand, source (CATT) states that Option 1 should not be supported.
· [CATT] Reader identification information is best stored in non-volatile memory to ensure A-IoT device can use the information in all the subsequent transmissions after the first reception of reader identification information. The only option is NOT feasible is including in the broadcast information in Option 1, which requires to store the reader identification.
Following observations were also provided for Option 1.
· [FUTUREWEI] A device obtains reader ID-related information in a higher layer message without physical layer impact at the rate of broadcast information transmission.
· [Xiaomi] According to the discussion on broadcast acquisition (i.e., single-step or two-step), MIB-like information and/or SIB-like information can be the potential broadcast information that contains reader ID. The complexity of option 1 is low since device can obtain the reader ID directly by decoding broadcast information without any blind detection on the sequence. If the reader ID is contained only by MIB-like information, a device can simply get it by one-step decoding. However, when the total number of reader IDs is large by referring to PCID (1008), the payload size of MIB-like information will be large. Considering about the limited payload size for MIB-like information, the reader ID can be divided into two parts. One part of reader ID-related information is contained by MIB-like information, and the other part is contained by SIB-like information (if defined). By referring to the legacy design, MIB along with PSS/SSS and SIB are separately transmitted. The transmission gap between MIB-like information and SIB-like information can be large, and their transmission periodicities may also be different. A device can obtain the whole reader ID until it receives a MIB and a SIB-like information, which leads to higher latency and processing time compared to single-step.
· [LGE] Reader identification via broadcast information requires no additional signal design but forces the device to decode broadcast information even for undesired readers.
· [Samsung] Options 1, 2, and 4 are not necessarily transmitted with every R2D transmission. Therefore, they cannot provide reader identification/differentiation for every R2D transmission. To support reader differentiation, for every R2D transmission, it should be considered to either assume that Option 3 is always included in all R2D transmissions, apply an association rule when reader information is obtained via Options 1/2/4, or leverage the always-present R2D signal (e.g., SIP or CAP) to carry a reader-specific signature for differentiation.
· [Ericsson R1-2600210] If the Reader ID were not too long, “Option 2: Reader ID-related information is derived from the periodic sync signal sequence(s)” can be used aiming at performing an earlier reader identification. Otherwise, “Option 1: Reader ID-related information is contained in the broadcast information” can be considered.
---


Agreement:
On the options for how a device acquires the reader ID-related information, capture the following in TR 38.769:
---
For Option 2, Sources (CATT, CMCC, LGE, Panasonic, Fraunhofer) state that Option 2 should be supported.
· [CATT] To facilitate the device in identifying readers and selecting the one with the strongest signal for access, the reader identification information, which indicates the identifier of the reader, should be carried by R2D synchronization signal.
· [CMCC] This is similar as NR. But detecting different sequences during initial cell search increases device energy consumption. So, the number of IDs should be limited for this option.
· [LGE] Reader identification via a periodic sync signal sequence helps avoiding unnecessary broadcast decoding but increases detection complexity as the number of reader IDs grows.
· [Fraunhofer] Mechanisms that provide reader‑ID‑related information during the discovery phase are more suitable than those relying on later‑stage control or higher‑layer signaling. Options 1 and 2, which convey or derive reader identification from broadcast information or periodic synchronization signals, respectively, align naturally with this requirement. Embedding or deriving reader‑ID‑related information from these early signals therefore minimizes delay, reduces energy consumption, and supports rapid reader selection in multi‑reader and mobility scenarios.
On the other hand, sources (Huawei, Spreadtrum, NEC, China Telecom) state that Option 2 should not be supported.
· [Huawei] Option 2 would increase the device complexity and power consumption since the device would have to blindly detect multiple sequences when performing the initial frequency acquisition procedure to determine the frequency location and reader ID-related information simultaneously.
· [NEC] For reader identification/differentiation, Option 2 is precluded because the number of sequences of R2D sync signal should be limited.
· [China Telecom] If only the reader ID is carried in the sync signal without accompanying broadcast information containing the SFN or time‑unit index, the device would be unable to report measurements accurately, and the reader could not perform proper camp control. This would make measurements become meaningless. Consequently, it is preferable to include reader ID within the broadcast information.
Following observations were also provided for Option 2.
· [FUTUREWEI] A device may have to perform detection of the periodic sync signal sequence to derive the reader ID-related information. It is unclear how a device can determine the better-quality sync signal sequence when sequences from multiple readers are received. This reader ID-related information is provided at the rate of periodic sync signal transmission.
· [Xiaomi] This is similar to NR PCID acquisition method based on PSS and SSS detection. Option 2 helps a device to get reader ID at the very beginning step before following steps such as system-like information acquisition and PRDCH reception. As it is agreed, R2D periodic synchronization signal is a binary sequence in time domain. If the number of binary sequence(s) is larger than 1 and no larger than 4, the sequence(s) can be used for potential reader identification/differentiation. However, 4 binary sequence(s) are too limited to identify different readers by considering that outdoor scenario may exist even larger number of cells/readers. In order to support large number of reader ID, two-level indication can be considered by combining Option 2 and Option 1. A device needs to derive the first-level of reader ID by detecting the sequence of periodic synchronization signal and obtain the second-level of reader ID from MIB-like or SIB-like information. Compared to Option 2 only, this combination method requires the device to process two steps to get the reader ID.
· [Samsung] Options 1, 2, and 4 are not necessarily transmitted with every R2D transmission. Therefore, they cannot provide reader identification/differentiation for every R2D transmission. To support reader differentiation, for every R2D transmission, it should be considered to either assume that Option 3 is always included in all R2D transmissions, apply an association rule when reader information is obtained via Options 1/2/4, or leverage the always-present R2D signal (e.g., SIP or CAP) to carry a reader-specific signature for differentiation.
· [Sharp] Option 1 (broadcast-based reader ID) should be adopted as a baseline mechanism for reader identification, ensuring that all devices can obtain basic reader identification information with minimal complexity. Options 2, 3, and 4 may be additionally supported and used by devices to further identify and differentiate the corresponding reader, especially in outdoor scenarios where multiple readers coexist and enhanced differentiation is required.
· [DOCOMO] For initial broadcast information acquisition, reader identification/differentiation based on periodic sync signal which device needs to blindly search on multiple candidate frequencies increases device complexity considering correlation-based detection. After broadcast information acquisition, reader ID-related information is derived from periodic sync signal or carried by L1 R2D control information.
· [Ericsson R1-2600210] If the Reader ID were not too long, “Option 2: Reader ID-related information is derived from the periodic sync signal sequence(s)” can be used aiming at performing an earlier reader identification. Otherwise, “Option 1: Reader ID-related information is contained in the broadcast information” can be considered.
---


Agreement:
On the options for how a device acquires the reader ID-related information, capture the following in TR 38.769:
---
For Option 3, Sources (CATT, Panasonic, Samsung, DOCOMO, Qualcomm) state that Option 3 should be supported. 
· [Samsung] To support reader differentiation, the study on reader identification should proceed by selecting one of the following directions. Direction 1: Assume that Option 3 (L1 R2D control information) is always included in every R2D transmission. Direction 2: Acquire reader-related information via at least one of Options 1/2/4, and handle R2D transmissions without reader ID-related information based on an association rule (i.e., assume they originate from the same reader based on prior information).
· [DOCOMO] For initial broadcast information acquisition, reader ID-related information is contained in the broadcast information or carried by L1 R2D control information, i.e., option 1 or option 3 in the agreement should be considered. After broadcast information acquisition, reader ID-related information is derived from periodic sync signal or carried by L1 R2D control information.
· [Qualcomm] For flexible and reliable broadcast transmission, SIB-L1 control can be used to indicate the physical reader ID-related information, types of broadcast information, TBS, coding/repetitions for different coverage and device types, etc.
· [CATT] Since the reader identification information is only used in the scenario of the A-IoT receiving the PRDCH information from more than one reader, the retrieval of the reader identification is not critical whether is included in the periodic synchronization signal of Option 2, the L1-control information of Option 3, or the paging-like message of Option 4.
On the other hand, sources (vivo, NEC, Huawei) state that Option 3 should not be supported.
· [vivo] At least for initial reader search, a device anyway needs to acquire all the information to finish the reader search and camp on it, so no big different to carry reader ID information via L1 control information or payload part. It will also increase the payload of L1 control information and result in the loss of L1 control detection performance.
· [NEC] For reader identification/differentiation, there is no need to further indicating the Reader ID-related information after initial frequency acquisition procedure because there cannot be multiple adjacent readers in a same frequency point. Therefore, Option 3 is precluded.
· [Huawei] The device would receive the reader ID only during an R2D transmission, which would mean that the device would not be able to use the reader ID for reader differentiation, nor for the D2R transmissions for DO-A. It would also increase the overhead of the control information as it is not necessary to be transmitted along with every R2D transmission.
Following observations were also provided for Option 3.
· [FUTUREWEI] A device obtains reader ID-related information in the L1 R2D control information, either as a specific field or as a mask applied to the CRC. The mask in combination of option 1, option 2, or option 4 can be used to accept / reject the PRDCH.
· [Xiaomi] Potential R2D signals with L1 R2D control information are SIB-like information, paging-like information, Msg2, R2D command (if these signals are supported). It is simple for a device to obtain the reader ID from L1 R2D control. When a device gets the reader ID, the device can determine whether to decode the corresponding data in PRDCH that is scheduled by this L1 R2D control. To support Option 3, a pre-condition is that the periodic synchronization signal and/or MIB-like information should also contain the reader ID. For example, a device should be synchronized to a reader and acquired its MIB-like information. If the reader ID in L1 R2D control of the following up R2D transmission(s) is not matched/same with the reader ID of the synchronized reader, the device can determine not to decode the corresponding PRDCH data part scheduled by this L1 R2D control.
· [LGE] Conveying the reader ID in L1 R2D control information enables explicit identification but introduces signaling overhead when applied to every PRDCH transmission. For Option 3, including the cell/reader ID in the L1 R2D control information is beneficial only when the broadcast information is transmitted on PRDCH and the L1 R2D control information is transmitted prior to the PRDCH. However, transmitting the cell/reader ID in the L1 R2D control information for every PRDCH used for inventory/command procedures is not desirable due to signaling overhead.
· [Sharp] Option 1 (broadcast-based reader ID) should be adopted as a baseline mechanism for reader identification, ensuring that all devices can obtain basic reader identification information with minimal complexity. Options 2, 3, and 4 may be additionally supported and used by devices to further identify and differentiate the corresponding reader, especially in outdoor scenarios where multiple readers coexist and enhanced differentiation is required.
· [Fraunhofer] Options 3 and 4 inherently assume that the device has already achieved synchronization and is actively monitoring reader‑specific control or paging occasions. As a result, reader identification becomes available only after the device has already committed resources to a particular reader context, which increases both latency and energy expenditure.
---


Agreement:
On the options for how a device acquires the reader ID-related information, capture the following in TR 38.769:
---
For Option 4, Source (CATT) states that Option 4 should be supported.
· [CATT] Since the reader identification information is only used in the scenario of the A-IoT receiving the PRDCH information from more than one reader, the retrieval of the reader identification is not critical whether is included in the periodic synchronization signal of Option 2, the L1-control information of Option 3, or the paging-like message of Option 4.
On the other hand, sources (vivo, NEC, Huawei) state that Option 4 should not be supported.
· [vivo] It is infeasible since it cannot provide reader ID-related information during initial reader search. At least Option4 cannot operate as a standalone solution.
· [NEC] For reader identification/differentiation, there is no need to further indicating the Reader ID-related information after initial frequency acquisition procedure because there cannot be multiple adjacent readers in a same frequency point. Therefore, Option 4 is precluded. 
· [Huawei] The device would not be able to use the reader ID for reader differentiation, nor for the D2R transmissions for DO-A. It will result in devices that want to transmit D2R DO-A traffic missing out on receiving the reader-ID related information and not being able to transmit the first D2R transmission for DO-A.
Following observations were also provided for Option 4.
· [FUTUREWEI] A device obtains reader ID-related information in a higher layer message without physical layer impact at the rate of paging-like messages.
· [Xiaomi] If paging-like message is supported, all of paging related information should be contained by higher-layer (e.g., MAC CE) and mapping to the data part of PRDCH in PHY-layer. Not like Option 3 that device can get the reader ID in L1 R2D control before decoding data part, Option 4 requires the device to decode both L1 R2D control and data part, and then the device can get the reader ID. Furthermore, Option 4 also prerequisites that the reader ID should be contained in periodic synchronization signal and/or MIB-like information.
· [LGE] Reader identification via higher‑layer information simplifies physical-layer operations but prevents early identification prior to acquiring higher‑layer signaling.
· [Samsung] Options 1, 2, and 4 are not necessarily transmitted with every R2D transmission. Therefore, they cannot provide reader identification/differentiation for every R2D transmission. To support reader differentiation, for every R2D transmission, it should be considered to either assume that Option 3 is always included in all R2D transmissions, apply an association rule when reader information is obtained via Options 1/2/4, or leverage the always-present R2D signal (e.g., SIP or CAP) to carry a reader-specific signature for differentiation.
· [Sharp] Option 1 (broadcast-based reader ID) should be adopted as a baseline mechanism for reader identification, ensuring that all devices can obtain basic reader identification information with minimal complexity. Options 2, 3, and 4 may be additionally supported and used by devices to further identify and differentiate the corresponding reader, especially in outdoor scenarios where multiple readers coexist and enhanced differentiation is required.
· [Fraunhofer] Options 3 and 4 inherently assume that the device has already achieved synchronization and is actively monitoring reader‑specific control or paging occasions. As a result, reader identification becomes available only after the device has already committed resources to a particular reader context, which increases both latency and energy expenditure.
---


Agreement:
On the options for how a device acquires the reader ID-related information, capture the following in TR 38.769:
---
Sources (CMCC, vivo, LGE, China Telecom) provided observations that combination of Option 1 and 2 should be supported.
· [CMCC] This option offers a trade-off between synchronization signal detection complexity and subsequent broadcast decoding performance. Finial determination may depend on the number of Reader IDs and sequence design of synchronization signal. If only a few IDs can be carried by sync signal sequence(s), the remaining can be contained in broadcast information.
· [vivo] For Option1+Option2, i.e., partial reader identification information is derived from the periodic sync signal sequence (3~4 candidate sequences) and the remaining information is carried in SIB1 broadcast information, the following benefits are observed. Compared to adopting option 1 only, after the initial search, a device can differentiate readers only via synchronization signal without decoding the following broadcast information, thereby reducing power consumption. And different periodic sync signal sequences can also reduce interference from different readers. Compared to adopting option 2 only, due to the limited number (e.g., 3~4) of candidate sequences of periodic synchronization signal, device blind detection complexity and design complexity can be reduced, and also the detection performance loss caused by large number of candidate sync sequences can be avoided. Based on these observations, it is proposed to support Option1+Option2 i.e., partial reader identification information is derived from the periodic sync signal sequence (3~4 candidate sequences) and the remaining information is carried by SIB1 broadcast information.
· [LGE] When determining the sequence length of the periodic sync signal, the number of cell/reader IDs that the device is required to distinguish needs to be considered. However, if the number of cell/reader IDs increases, either the number of periodic sync signal sequences or the sequence length increases, which results in higher detection complexity at the device side. Therefore, it may be necessary to consider Option 1 or Option 4 together with Option 2. In this case, the periodic sync signal may be used to distinguish cell/reader ID groups, and the actual cell/reader ID within the group may then be identified through broadcast information and/or higher-layer information.
· [China Telecom] If the synchronization signal and broadcast information are transmitted together, the reader ID could potentially be derived from the periodic synchronization signal sequences.
Sources (FUTUREWEI, Panasonic) provided observations that combination of Option1 and 3 should be supported.
· [FUTUREWEI] If the goal is to identify PRDCH from intended readers, then option 3 plus option 1 provides a check on each message using information provided in a broadcast while having limited impact on processing complexity.
· [Panasonic] To reduce the device’s monitoring time, the device needs to be synchronized with the serving reader(s). For this purpose, the periodic sync signal can carry reader ID-related information (e.g., Option 2). The sync signal does not need to carry the actual reader ID. For instance, 3 or 4 different sync signal sequences could be considered, while each sequence is used by one reader. The sequence can be assigned by NW to the reader. Once the device is synchronized with the serving reader, it will follow the reader for the PRDCH transmissions. Since the subcarrier might be used by other reader(s), the PRDCH should also carry the reader ID-related information. Although such information can be carried by the L1 control information or higher-layer information, using the L1 control information enables the device to only decode the control part to determine whether the message is from the serving reader. The L1 control information can carry the reader ID or a shorter ID dedicated to the reader assigned by the NW.
Sources (Sharp, Qualcomm) provided observations that combination of Option1 and 2/3/4 should be supported.
· [Sharp] Option 1 (broadcast-based reader ID) should be adopted as a baseline mechanism for reader identification, ensuring that all devices can obtain basic reader identification information with minimal complexity. Options 2, 3, and 4 may be additionally supported and used by devices to further identify and differentiate the corresponding reader, especially in outdoor scenarios where multiple readers coexist and enhanced differentiation is required.
· [Qualcomm] All Options could be needed and not contradictory to each other. For Option 1 and Option 4, the reader-related information, i.e., higher-layer reader ID with long length used to uniquely identify a reader, could be included in the MAC IE. For Option 2 and Option 3, the reader-related information, i.e., PHY reader ID with short length used to differentiate the readers for RAN-level network management, could be included in the PHY signal/channel. Partial information can be carried by periodic SS (Option 2) and remaining information can be included in L1 R2D control per PRDCH.
Source (LGE) provided observations that combination of Option1 and 4 should be supported.
· [LGE] When determining the sequence length of the periodic sync signal, the number of cell/reader IDs that the device is required to distinguish needs to be considered. However, if the number of cell/reader IDs increases, either the number of periodic sync signal sequences or the sequence length increases, which results in higher detection complexity at the device side. Therefore, it may be necessary to consider Option 1 or Option 4 together with Option 2. In this case, the periodic sync signal may be used to distinguish cell/reader ID groups, and the actual cell/reader ID within the group may then be identified through broadcast information and/or higher-layer information.
---


Agreement:
On the potential necessary information to be included in the broadcast information, capture the following observations in TR 38.769:
---
On the potential necessary information included in the broadcast information, following observations were provided during the study.
· [OPPO] Broadcast information can contain time/frequency resource for L1 R2D control monitoring, time and frequency resources and related configurations for the initial DO-A transmission, etc. 
· [Ericsson] Time offset (and possibly frequency resource) of the random-access occasions (RO) for the first D2R transmission (Msg1) for all traffic types (DO-A, DO-DTT, and DT). Cell-specific power control parameters. Time offset (and possibly frequency resource) of the paging occasions for Msg0 transmission of DT and DO-DTT traffic. Reader/cell selection information including certain RSRP level for reader selection/re-selection. D2R transmission configurations/parameters, e.g., size of preambles/midambles. Reader/network related information. Other information deemed necessary by RAN2.
· [CATT] It’s not necessary to include reader identification information, SFN, DO-A resource configuration, power control related parameters, device (un)availability related parameters and transmission parameters for L1 control information in broadcast information.
· [Nokia] Broadcast information, if supported, includes power control parameters such as target received power, allowed increment of transmission power, one or more chip duration values for a PRDCH for L1 control
· [CMCC] Study the following information to be included in broadcast information. Timing information, e.g. SFN-like info. Periodic random access resource configuration, e.g. periodicity, offset, available resource in each periodicity, and frequency resources for FDM transmission. DRX configuration for paging monitoring. Configurations of cell/reader-common L1 R2D control information. Cell ID related information.
· [Xiaomi] The number of Cell/Reader ID can be larger than 4, e.g., 1008, which may consider acquisition method based on synchronization signal sequence(s) in addition to MIB-like and/or SIB-like information. Timing information can be contained in broadcast information. Whether to use SFN or timing offset indication can be study by avoiding over-designing. Broadcast information containing L1 R2D control related information can provide configuration/updating flexibility. 
· [ZTE] The following information can be considered included in the broadcast information: Paging-related information, timing information, e.g., SFN, frequency information for DL FDM, UL reference frequency position, DO-A resource related information, i.e., time and frequency resource information, parameters of R2D L1 control, e.g., chip duration, repetition number, code rate, cell/Reader/Transaction ID, SIP length information.
· [vivo] Study Case B2: Two-step acquisition of the broadcast information including both MIB-like and SIB1-like: The information can be carried by MIB-like: SFN information, AIoT SIB scheduling information. The information can be carried by SIB1-like: DOA resource configuration, L1 control related information configuration(s), R2D preamble configuration, The frequency information of AIOT carrier, DRX configuration for device power saving, Criteria for cell-(re)selection, Reader ID related information, Power control related information, Periodicity of sync signal (and the payload i.e., MIB). Note: other information is subject to RAN2 study.
· [LGE] Regarding the purpose and necessary information of broadcast information, it is observed that following information is needed: Cell/reader ID‑related information to enable reader identification. Resource‑allocation information for DO‑A transmissions. Timing information indicating the allocation timing of the D2R resources. D2R power‑control parameters for device transmit‑power control.
· [NEC] At least the following information can be carried in the A-IoT broadcast information. Scheduling Info for the first DO-A D2R transmission; Reader ID-related information; FFS: other information to be carried in A-IoT broadcast information.
· [China Telecom] In Rel-20, study the necessity and feasibility of the following scheduling information for device 2b/C: T/F resource configuration for SIB-like message and/or MSG1, SFN value, repetition index or period index of synchronization signal, time unit index (e.g., half-frame index), frequency offset between the synchronization signal and the SIB-like message or MSG1.
· [Samsung] Broadcast information is transmitted for the following purposes: Purpose #1: Triggering the inventory procedure (i.e., paging-like message for device discovery/presence checking), Purpose #2: Providing DO-A resources so that a device can initiate RA by itself, and Purpose #3: Providing reference information for open-loop power control. Broadcast information can carry at least one of the following information sets, depending on the purpose: Information for the inventory procedure trigger, DO-A resource information (e.g., periodicity, access occasion configuration, resource pool information, etc.) and Reference information related to R2D Tx power for power control.
· [ETRI] The broadcast information should include at least the following information elements: Cell/reader ID-related information, power control-related information, periodic D2R resource configuration for DO-A, and timing information (e.g., SFN-like information).
· [DOCOMO] For broadcast information, following information should be considered. Information for reader differentiation/identification such as reader ID. Parameters for first D2R transmission for DO-A such as D2R resource, physical layer design related parameters such as chip duration, FEC, repetition, etc., and power control information. Parameters for subsequent R2D reception such as potential R2D reception resources of R2D sync signal, L1 R2D control, A-IoT paging, R2D command and corresponding physical layer design related parameters such as M value, FEC, repetition, etc.
· [Qualcomm] Periodic system information (SIB) can provide necessary information including at least: Reader ID-related information (e.g., higher layer reader ID), R2D-related configuration (frequency location(s) for R2D carriers, configuration of periodic R2D monitoring occasions for SS and paging, L1 control information per coverage level), D2R-related configuration (frequency location(s) for D2R carriers, configuration of periodic DO-A D2R resources, power control per coverage level).
· [Lenovo] states a two‑step method for acquiring broadcast information. In the first step, the broadcast provides a list of available frequencies for device access. In the second step, further time–frequency resources are supplied for device transmission/reception, along with possible reader ID information.
· [Huawei] For the broadcast information, the MIB-like transmission contains the reader identifier, SFN and the time and frequency resource allocation information for the SIB-like transmission. The SIB-like broadcast transmission contains the time and frequency resource allocation of DO-A, power control parameters, ARFCN-like frequency location information, RSRP threshold/level for the R2D measurement and other necessary parameters for DO-A and the active device. 
---


Agreement:
On whether to use a separate PRDCH or a new physical channel to carry the MIB-like broadcast information for Case B2, capture the following in TR 38.769:
---
For Case B2, sources (Huawei, vivo, China Telecom, LGE) state that PRDCH should be used to carry the MIB-like broadcast information.
· [Huawei] PRDCH is used to carry the MIB-like broadcast information as there is no additional motivation to define a separate or new channel like NR SSB, in which 8 information bits are carried in the physical layer payload. Secondly, carrying the MIB-like broadcast information on an additional channel would increase the workload in terms of specification work for the WI.
· [China Telecom] If case B2 is selected for the broadcast information transmission scheme, support to reuse a separate PRDCH for the MIB-like broadcast information. While using PRDCH may require a new R2D message format for MIB-like information, defining an entirely new broadcast channel would be significantly a larger workload. Given the limited TU before the SID is completed, reusing the PRDCH to carry MIB-like information would be more feasible and simpler to achieve.
· [vivo] Use PRDCH as the transmission channel for both MIB-like and SIB1-like broadcast information. Do not introduce a new channel to carry MIB-like broadcast information.
· [LGE] If the introduction of a new physical channel for the partial broadcast information is considered, the specification work may significantly increase.
Sources (CMCC, FUTUREWEI) are also open to use a new physical channel dedicated to MIB-like information.
· [CMCC] MIB-like broadcast information can be carried by a separate PRDCH or a new physical channel dedicated to MIB-like information. For MIB-like part, the R2D parameters such as TBS, payload size, FEC or repetition number can be predefined.
· [FUTUREWEI] Whether the MIB-like information is carried in its own channel can follow the concept of the PBCH, which is a separate channel for the MIB. This separate channel can simplify the specifications.
---


Agreement:
On the content of the first D2R transmission for DO-A traffic, capture the following in TR 38.769:
---
Study results in terms of recommended scenarios, i.e. event-triggered or periodic, and the subsequent transmissions/receptions/procedures (if any), and other aspects are summarized in Table 6A.4-x.

[bookmark: _Hlk212562955]Table 6A.4-x: Study of the content of the first D2R transmission for DO-A traffic
	
	Recommended scenarios (event-triggered or periodic)
	Subsequent transmission(s)/reception(s)/procedure(s)
	Other aspects

	Option 1
Msg1-like content
	Both event-triggered and periodic: FUTUREWEI, Huawei, Ericsson, Nokia, CMCC, Xiaomi, ZTE, vivo, Qualcomm

Event-triggered: LGE, ETRI, DCM, Samsung

Periodic: Lenovo
	[FUTUREWEI] Procedure after first transmission: The reader transmits a Msg2-like transmission in response to successful reception of the first transmission. The Msg2-like transmission can provide scheduling parameters (e.g., size of payload).

[Huawei] The subsequent procedure follows the CBRA procedure defined in Rel-19, where a random ID response message transmitted by the reader echoes the RN16 for contention resolution.

[Spreadtrum] Device needs to perform random access first and then send DO-A data payload according to the reader's schedule.

[OPPO] The reader transmits a response to each of identified the Msg1-like transmission and allocates subsequent D2R transmission resource to convey DO-A data and/or further identification information of the A-IoT device accordingly. The A-IoT device transmits the DO-A data and/or further identification information on the allocated D2R transmission resource. Reader transmits an echoed identification to the corresponding A-IoT device for acknowledgement.

[Ericsson] Option 1 is essentially reusing the random access (RA) messages specified in Rel-19 for DT and DO-DTT also for DO-A, but without being triggered by a preceding R2D transmission (paging message/Msg0), i.e., the device accesses the reader through Msg1 triggered by DO-A traffic.

[CATT] The reader will respond to the detected Msg1-like transmission (containing DO-A SR) and send out the resource allocation on PRDCH for DO-A traffic transmission. The A-IoT device transmits the DO-A traffic according to the resource allocation from reader.

[Nokia] Contention-based random access procedure, can be based on the Rel-19 procedure.

[CMCC] Random access procedure, e.g.Msg.2/3/4, and DOA data transmission

[Xiaomi] A random access procedure is needed before the transmission of exact sensing result(s).

[ZTE] CBRA defined in Rel-19

[vivo] (1) msg2 response to msg1 transmission, (2) msg3 transmission (3) msg4 for contention resolution.

[LGE] 1) Devices transmit Msg1 like content in a contention-based manner. 2) Successful devices are granted D2R resources and transmit DO-A payload

[NEC] Devices monitor Msg2 message for resource allocation to transmit D2R Upper Layer Data which contains DO-A traffic.

[China Telecom] The device acquire ACK message contained in the MSG2 as well as other necessary information, such as the scheduling information for next D2R transmission.

[Apple] Reuses random access procedure, device transmits preamble to request resources.

[Sharp] Rel-19 CBRA

[ETRI] The data payload is transmitted in the form of DO-DTT after the random access procedure.

[Lenovo] CBRA-like procedure. Applying CDM to Msg1 transmission increases access capacity by allowing more devices to transmit simultaneously.

[DCM] 1) Msg.2 in response to Msg.1. 2) Msg.3 with DO-A data, and ID for contention resolution (if sequence-based Msg.1 is applied). 3) contention resolution (if sequence-based Msg.1 is applied).

[Qualcomm] To receive Msg2 for the following Msg3, Msg4 similar as CBRA

[Quectel] The same procedure for random access in Rel-19 can be adopted, that device receives Msg2 and transmits Msg3 carrying DO-A data payload.

[Samsung] RA-based access/registration procedure

	[FUTUREWEI] 
· Other aspects: Mimicking contention-based access can simplify the procedure after first transmission.
[Huawei] 
· Reusing the random-access procedure defined in Rel-19 without triggering message reduces the standardization effort. 
· If the resource allocation information is also periodic, the device can determine the required resources to transmit Msg1 irrespective of the transmission being periodic or event triggered without any delay or increased latency. 
· This periodicity can also be configurable based on the use cases to avoid unnecessary wastage of resources.
[CMCC] 
· Pre-step: Periodic random access resource is configured by broadcast information. This option is anyway needed either for option3 after paging message or for option2 before periodic D2R resource is configured.
[vivo] 
· The first D2R transmission resources is indicated by broadcast information for Msg 1 transmission.
· A CBRA based procedure by using sequence-based msg1 as the first D2R transmission content.
· Compared to R19 CBRA based random access procedure with additional contention resolution msg4, less specification effort will be.
[LGE] 
· Inventory follows a slotted ALOHA based procedure
· Higher latency due to inventory before DO-A
· No need for prior inventory
[NEC] 
· For Option 1, DO-A and DO-DTT can use unified procedure, i.e., starting with CBRA and then performing D2R transmission for the traffic. It is possible to share resources for the two types of traffic.
[Lenovo]
· The collision between Msg1 transmissions can be resolved by echoing Msg1 content within Msg2.
· Applying CDM to Msg1 transmission increases access capacity by allowing more devices to transmit simultaneously.
[Qualcomm]
· The reader does not know which device to access and can configure a set of Msg1-like resources for random access to support large capacity. 
· The CBRA supported in Rel19 can be used as starting point with enhanced collision handling.
· However, for event-triggered DO-A, which may have tighter latency requirements than periodic DO-A, the reader must allocate resources with shorter periodicity. This approach may lead to significant overhead and inefficient resource utilization, particularly when events occur infrequently.
[Samsung]
· The device initiates the procedure using DO-A traffic.
· Contention-based resources are assumed.
[vivo]
· For procedure 1 as provided in the column of Subsequent transmission(s)/reception(s)/procedure(s) for option1, it is a reliable way for a device to access to reader and then perform device-specific transmission. And compared with procedure 1, procedure 4 (i.e., SR as the first D2R content to trigger R2D command and the R2D command schedules msg1-like resource for CBRA) which has additional two steps (scheduling request (SR) and R2D command) is unnecessary and overdesigned.
[DCM] 
· It requires the highest R2D signaling overhead.

	Option 2
DO-A data payload
	Both event-triggered and periodic: FUTUREWEI, Xiaomi, Samsung, Xiaomi

Periodic: CMCC, ZTE, vivo, LGE, ETRI, Lenovo, DCM, Qualcomm

None: Huawei

	[FUTUREWEI] Procedure after first transmission: The reader transmits a Msg2-like transmission in response to successful reception of the first transmission. Instead of the random number, the CRC of the first transmission can be used. The Msg2-like transmission can provide scheduling parameters (e.g., size of additional payload resources).

[Huawei] CFA-like procedure

[CATT] The content of subsequent transmission/reception after the first D2R transmission is to indicate the desired resource payload of DO-A data. 

[Nokia] None

[CMCC] Possible feedback and re-transmission

[Xiaomi] None

[ZTE] CFA defined in Rel-19

[vivo] None

[LGE] 1) Reader allocates device specific D2R resource. 2) Device directly transmits DO-A data payload (contention free).

[ETRI] A collision resolution mechanism may be considered

[Lenovo] CFA-like procedure. Acknowledgment mechanism to mitigate collisions among DO-A data payloads and ensure reliability.

[DCM] Contention resolution (ID for contention resolution is provided in the first D2R transmission for DO-A.)

[Qualcomm] If Option 2 is for device-specific resources, to receive the acknowledgement for D2R reception, similar as for paging with CFA indication. If Option 2 is for non-device-specific resources, to receive the acknowledgement for D2R reception, similar as for paging with CFA indication.

	[FUTUREWEI] 
· Other aspects: Procedure can mix physical layer and upper layer elements are the reader and device. Large payload sizes can lead to unused resources when no device has DO-A content to transmit while small payload sizes can lead to unequal error detection if multiple segments are needed.
[Huawei] 
· Low resource utilization and resource wastage due to the reader having to allocate a large number of resources in the absence of a scheduling request, to attempt to minimize the collision probability and factor in the large DO-A payload sizes.
· System performance deteriorates in the absence of a collision resolution mechanism when there are more devices wanting to transmit than available resources.
[Nokia] 
· Option 2 is suitable and can be very efficient if the following specific conditions are met:
· 1. Payload size is small and has an upper bound that is known beforehand (e.g. fixed size for a sensor measurement report).
· 2. Predictable message rate (e.g. periodic traffic generated by a known number of devices)
· If the conditions are not met, then this is likely to be extremely inefficient since the network would have to vastly over-dimension the resources for the first D2R transmission.
[CMCC] 
· Pre-step: Periodic D2R resource is configured to device.
· If device common D2R resource is configured, collision may happen for DOA reporting.
· If device dedicated D2R resource is configured, the resource overhead is large.
· For this case, the device has to keep a connection state to maintain D2R synchronization, which means high power consumption for long interval, e.g. 5~15 minutes traffic interval in TR22.840.
[vivo]
· The first D2R transmission resources is indicated by broadcast information for CG resource for DOA.
· A CFRA based procedure by using DoA data as the first D2R transmission content.
· For whether device ID should be transmitted together with DoA data, for a reader to distinguish the DoA data from multiple devices, device ID needs to be transmitted together with DoA data.
[LGE] 
· Suitable for low latency or urgent DO-A delivery
· Requires prior inventory
[Lenovo]
· To enhance access capacity, the number of resources indicated by the R2D paging message must be increased.
· Applying acknowledgment mechanism to mitigate collisions among DO-A data payloads and ensure reliability.
[Sony] 
· Supporting a grant-free channel access for DO-A traffic for active devices in Rel-20 reduces overhead and latency. In our view, a grant-free D2R, where the device is allowed to initiate its transmission on resources it chooses itself is a viable choice.
[Qualcomm]
If Option 2 is for device-specific resources:
· The reader already knows the device and can use device-specific R2D transmission to trigger DO-A data reporting.
· CFA with fewer steps reduces latency and prevents collisions, but it also results in large overhead and low capacity.
· The CFA supported in Rel19 can be used as starting point.
If Option 2 is for non-device-specific resources:
· The reader does not know the device and configure a set of MsgA-like resources for random access to support large capacity.
· Two-step CBRA reduces latency but has higher probability of collisions than Msg1-like random access.
· Two-step CBRA, not supported in Rel19 AIoT, may have specification impact.
[Samsung]
· Depending on whether the DO-A traffic is periodic data transmission or event-triggered transmission, the resources may be contention-free or contention-based.
· For periodic reporting, DO-A traffic is transmitted over configured (dedicated) D2R resources. For event-triggered reporting, DO-A traffic is transmitted using contention-based resources.
[vivo]
· For procedure 2 as provided in the column of Subsequent transmission(s)/reception(s)/procedure(s) for option 2, the target scenario is latency-insensitive periodic DoA traffic with sparse transmission period e.g., in minute level. Due to the low data collision probability, using broadcast information to directly schedule CG-like resource for data transmissions will be efficient.
· Regarding device ID under option 2, for a reader to distinguish the DoA data from multiple devices, device ID needs to be transmitted together with DoA data.
[Xiaomi]
· None For Option 2, DO-A data payload is transmitted by the first D2R. It is simple that device can directly use the configured resource(s) for sensing result transmission whenever it has, and it simplifies the whole procedure by eliminating random access from DO-A.
[DCM]
· It requires the lowest R2D signal overhead and shortest latency of DO-A procedure. On the other hand, it requires the largest size of pre-allocated periodic D2R resources and may lead to waste of the pre-allocated resources if device does not have frequent DO-A traffic to transmit considering event-triggered DO-A traffic.  


	Option 3
DO-A scheduling request
	Both event-triggered and periodic: Huawei, Nokia, CMCC, Xiaomi, ZTE, Sharp

Event-triggered: FUTUREWEI, vivo, LGE, DCM, TCL, Qualcomm, NEC

Periodic: Lenovo
	[FUTUREWEI] Procedure after first transmission: Procedure after first transmission: The reader transmits a paging-like transmission for inventory in response to determining the first transmission contains a scheduling request. Instead of the random number, the CRC of the first transmission can be used.

[Huawei] An additional D2R message, i.e., DO-A scheduling request, and a corresponding additional R2D paging message, i.e., DO-A specific paging message carrying the resource allocation information, are required, following which CBRA procedure can be used.

[Spreadtrum] Device needs to perform random access first and then send DO-A data payload according to the reader's schedule.

[Nokia] It depends on exact usage of the resource for the first D2R transmission. If that resource is e.g., dedicated to a device then no contention resolution is needed, the reader provides a resource grant for a subsequent D2R transmission. Otherwise, contention resolution is required (e.g. reader transmits a paging message which indicates paging only for devices with DO-A to transmit, followed by the legacy CBRA).

[CMCC] Paging-like R2D transmission to allocate random access resource, random access procedure, e.g., Msg.2/3/4, and DOA data transmission.

[Xiaomi] It requires additional procedures and extending the latency to transmit sensing result.

[ZTE] DO-A specific Paging + Msg1 + CBRA defined in Rel-19

[vivo] (1) An R2D command to trigger CG-like D2R resource for DOA data transmission, then, (2) following DoA data transmission.

[LGE] 1) Reader allocates common D2R resource for SR. 2) Upon SR reception, reader grants D2R resource. 3) Device transmits DO-A data payload.

[NEC] Devices monitor A-IOT paging message for Msg1 resource allocation and then follow the Rel-19 CBRA procedure to transmit D2R Upper Layer Data which contains DO-A traffic.

[Panasonic] Once the reader detects the SR, it can initiate the random-access procedure, and data would be transmitted like the DO-DTT procedure.

[Sharp] A-IoT paging triggers CBRA by mostly reusing the design in Rel-19. Collision of the “first D2R transmission” from different devices does not matter as the “first D2R transmission” does not serve any purpose other than triggering A-IoT paging.

[Lenovo] The R2D paging message triggers the subsequent D2R transmission for scheduling requests. Following this, the R2D response message is used to indicate the resources allocated for the DO-A data payload.

[DCM] 1) R2D schedules contention-based D2R data Tx, 2) DO-A data and ID for contention resolution. 3) Contention resolution.

[TCL] After the reader receives the SR-like, the DO-A procedure falls back to the inventory procedure.

[Qualcomm] To receive paging for the following Msg1, Msg2, Msg3, Msg4 similar as CBRA

	[FUTUREWEI] 
· Other aspects: Procedure can mix physical layer and upper layer elements are the reader and device. Large payload sizes can lead to unused resources when no device has DO-A content to transmit while small payload sizes can lead to unequal error detection if multiple segments are needed. A small number of devices can improve resource efficiency for contention.
[Huawei] 
· Increase in signalling overhead due to the additional DO-A scheduling request and the corresponding DO-A specific paging message required to be provided by the reader to each device that requested resources, as compared to using Msg1.
[CMCC] 
· Pre-step: Periodic scheduling request resource is configured by broadcast information.
· If SR resource is device common, it is hard for Reader to determine how many RO resource to be allocated by paging. 
· If the scheduling request rate is high for devices, following paging overhead will be large, the overhead reduction benefit compared to option1 will be reduced.
· The delay is larger than option1.
[vivo]
· The SR resources is indicated by broadcast information to avoid the CG-like resource overhead for directly data transmission.
[LGE] 
· Only small D2R resource needed for SR
· Multiple SRs may cause DO-A collisions
· Randomized SR resource or post grant inventory may mitigate collisions
[NEC] 
· Multiple devices can share resource for the scheduling request transmission, which can improve the resource efficiency for DO-A first D2R transmission and more applicable to the event-trigger type of traffic.
[Lenovo]
· Study the design of R2D paging message, D2R for scheduling request, and R2D response message.
· Frequency separation between periodic and aperiodic transmissions helps reduce both the interval for periodic transmissions and their associated transmission latency
[vivo]
· To avoid the CG-like resource overhead of procedure 2 as provided in the column of Subsequent transmission(s)/reception(s)/procedure(s) for option 2, procedure 3 as provided in the column of Subsequent transmission(s)/reception(s)/procedure(s) for option 3 with broadcast information to schedule SR resource instead of CG-like resource could be useful. Once SR is detected by reader, it can schedule the CG-like resource for data transmission by using R2D command.
[Qualcomm]
· The reader does not know which device to access and can use shared common resources for different devices to send same SR without random access.
· Only if the reader detects the SR, it will send paging to configure additional resources for any devices who transmits the DO-A SR, where the CBRA supported in Rel19 can be used as starting point after receiving the SR. 
· For event-triggered DO-A, it can save the overhead than Msg1-like D2R (Option 1) when events occur infrequently.
[DCM] 
· It requires the smallest size of pre-allocated periodic D2R resources.


---


Agreement:
On the necessary information and its provisioning for the first D2R transmission for DO-A, capture the following in TR 38.769:
---
On whether the reader provides the necessary information for the first D2R transmission for DO-A traffic periodically and/or aperiodically, sources (Huawei, Spreadtrum, OPPO) state that it is provided periodically without mentioning specific option. Sources (ZTE, vivo, LGE, DCM, Qualcomm, China Telecom) state that it is periodic for Option 1. For Option 2, sources (Xiaomi, ZTE, China Telecom) state that it is periodic, while sources (ZTE, vivo, LGE, Qualcomm) state that it is aperiodic. For Option 3, sources (ZTE, vivo, LGE, Qualcomm) state that it is periodic, while source (ZTE) states that it is aperiodic. For Option 4, source (ZTE) states that it is provided periodically. Following options were provided during the study.
· [Xiaomi] R2D message carrying DO-A indication information can be sent periodically. For example, the R2D message can be paging, and the occasion is used for Msg1 transmission.
· [ZTE] Option 1 is a periodic DO-A resource allocation scheme that provides predictable and reliable access opportunities with bounded access latency. Option 2 supports periodic and aperiodic DO-A resource allocation. For the aperiodic allocation, the network can dynamically configure DO-A resources to enable more flexible scheduling and reducing both signaling and resource overhead. Through network coordination, Option 2 can effectively avoid resource conflicts between DO-A traffic and DT traffic and mitigate network congestion. Option 3 supports periodic and aperiodic DO-A resource allocation. For Option 4, the DO-A traffic/resource periodicity is indicated to a connected device via the dedicated device-specific R2D transmission. The device then transmits its DO-A data payload directly based on the period.
· [vivo] By using option 1 or option3, necessary information is periodically provided by broadcast information. And for option2, a paging-like R2D message is more like an aperiodic transmitted polling message.
· [Qualcomm] For providing necessary information for the first D2R transmission for DO-A, combining Option 1/3 with Option 2 is feasible, where Option 1/3 can be considered for periodic D2R resources and Option 2 can be used to adjust the D2R resources. For Option 1/3: periodic broadcast information to indicate periodic resources for first D2R. For Option 2: periodic broadcast information to indicate periodic monitoring occasions for paging message(s) and the paging message can indicate one-time resources for first D2R.
· [China Telecom] A strictly periodic broadcast information transmission scheme is supported at the reader side, and a paging-like message is used as the broadcast information.
---
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