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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.




Proposal: 
For Rel-20 study, RAN1 recommend 5 dBm as the maximum transmit power for Device C to achieve maximum coverage in outdoor

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

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

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)

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

R1-2600489	FL summary #3 on AI 9.3.2.1 R2D Aspects for R20 AIoT	Moderator (vivo)

R1-2600490	FL summary #4 on AI 9.3.2.1 R2D Aspects for R20 AIoT	Moderator (vivo)

R1-2600491	FL summary #5 on AI 9.3.2.1 R2D Aspects for R20 AIoT	Moderator (vivo)

R1-2600069	R2D Air Interface for Device 2b/C	FUTUREWEI
R1-2600088	Study on R2D signals, channels, waveform and procedures	Huawei, HiSilicon
R1-2600101	Discussion on R2D signals, channels, waveform and procedures for Ambient IoT	Spreadtrum, UNISOC
R1-2600179	Discussion on necessary and feasible change to R2D for Rel-20 A-IoT	OPPO
R1-2600210	R2D signals, channels, waveform, and procedures	Ericsson
R1-2600327	Study of R2D signals, channels, and waveform and procedure of A-IoT enhancement for device 2b/C		CATT
R1-2600360	Discussion on AIoT R2D signals, channels, and procedures	Tejas Network Limited
R1-2600368	AIoT R2D signals, channels, waveform and procedures	Nokia
R1-2600378	Discussion on R2D signals, channels, waveform and procedures	CMCC
R1-2600417	Discussion on R2D signals, channels, waveform and procedures for Device 2b/C	Xiaomi
R1-2600451	Discussion on R2D design for active Ambient IoT device	ZTE Corporation, Sanechips
[bookmark: OLE_LINK5]R1-2600486	Discussion on R2D Aspects for R20 AIoT	vivo
R1-2600545	R2D air interface for Device 2b/C	LG Electronics
R1-2600659	Study on R2D signals, channels, waveform and procedures	NEC
R1-2600705	Discussion on A-IoT Air Interface for R2D	Panasonic
R1-2600743	Study on R2D aspects of air interface for Device 2b/C	Samsung
R1-2600815	On R2D design details for device 2b/C	Apple
R1-2600965	Discussion on R2D signals, channels, waveform and procedures	Sharp
R1-2600992	Discussion on R2D signals, channels, waveform and procedures	ETRI
R1-2601020	Discussion on R2D for R20 Ambient IoT	Lenovo
R1-2601074	R2D Design for Active AIoT Devices	InterDigital, Inc.
R1-2601123	R2D signals, channels, waveform and procedures	Sony
R1-2601167	Study on R2D design and procedures for Ambient IoT outdoor for active device	NTT DOCOMO, INC.
R1-2601260	Study of R2D designs for Device 2b/C	Qualcomm Incorporated
R1-2601292	Discussion on R2D signals, channels, waveform and procedures	Quectel
R1-2601300	Discussion on R2D signals, channels, waveform and procedures for Ambient IoT	China Telecom
R1-2601338	Discussion on R2D signals, channels, waveform and procedures for Ambient IoT	TCL
R1-2601368	On AIoT R2D design for Rel.20 Device 2b/C	Sequans Communications
R1-2601444	Discussion on R2D signals, channels, waveform and procedures	IIT Kanpur
R1-2601466	Discussion on R2D Aspects for R20 AIoT	vivo
		(Revision of R1-2600486)
R1-2601481	Study of R2D designs for Device 2b/C	Qualcomm Incorporated
(Revision of R1-2601260)
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.

R1-2601454	FL Summary #2 for 9.3.2.2. D2R signals, channels, waveform and procedures	Moderator (Qualcomm)

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)

R1-2600549	FL summary #2 for 9.3.2.3 “Other procedures for Device 2b/C”	Moderator (LG Electronics)

R1-2600550	FL summary #3 for 9.3.2.3 “Other procedures for Device 2b/C”	Moderator (LG Electronics)

R1-2600551	FL summary #4 for 9.3.2.3 “Other procedures for Device 2b/C”	Moderator (LG Electronics)

R1-2600552	FL summary #5 for 9.3.2.3 “Other procedures for Device 2b/C”	Moderator (LG Electronics)

R1-2600071	Other Air Interface Procedures	FUTUREWEI
R1-2600090	Study on other procedures for A-IoT	Huawei, HiSilicon
R1-2600103	Discussion on other procedure for Ambient IoT	Spreadtrum, UNISOC
R1-2600181	Discussion on other procedures for Rel-20 A-IoT	OPPO
R1-2600212	Other procedures of A-IoT	Ericsson
R1-2600329	Study of general procedures of A-IoT enhancement for device 2b/C	CATT
R1-2600362	Discussion on other procedures of AIoT	Tejas Network Limited
R1-2600370	Other procedures for AIoT	Nokia
R1-2600380	Discussion on other procedures	CMCC
R1-2600419	Discussion on other procedures for Device 2b/C	Xiaomi
R1-2600453	Discussion on other procedures for active Ambient IoT device	ZTE Corporation, Sanechips
R1-2600493	Discussion on Other Procedures for R20 AIoT	vivo
R1-2600547	Other procedures for Device 2b/C	LG Electronics
R1-2600661	Study on other procedures for Device 2b and C	NEC
R1-2600683	Discussion on other procedures for Ambient IoT	China Telecom
R1-2600713	Discussion on A-IoT other procedures	Panasonic
R1-2600745	Study on other procedures of air interface for Device 2b/C	Samsung
R1-2600817	On other procedures for device 2b/C	Apple
R1-2600967	Discussion on other procedures	Sharp
R1-2600993	Discussion on other procedures for A-IoT	ETRI
R1-2601022	Discussion on other procedures for R20 Ambient IoT	Lenovo
R1-2601076	Procedures for Active AIoT Devices	InterDigital, Inc.
R1-2601124	System information and DO-A aspects for Ambient IoT outdoor devices	Sony
R1-2601169	Study on other procedures for Ambient IoT outdoor for active device	NTT DOCOMO, INC.
R1-2601262	Study of other procedures for Device 2b/C	Qualcomm Incorporated
R1-2601293	Discussion on other procedures for Device 2b/C	Quectel
R1-2601301	Discussion on procedures for A-IoT active device	ASUSTeK
R1-2601341	Discussion on other procedures for Ambient IoT	TCL
R1-2601347	Discussion on other procedures for Device 2b/C	KT Corp.
R1-2601442	Discussion on other aspects of Rel-20 AIoT	IIT Kanpur
R1-2601450	Discussion on other procedures for R20 A-IoT	Fraunhofer HHI, Fraunhofer IIS
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