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[bookmark: foreword][bookmark: scope]1	Introduction
This feature lead (FL) summary is for agenda item (AI) 9.4.2.2 of frame structure and timing aspects for Rel-19 study item (SI) on solutions for Ambient IoT (Internet of Things) in NR (RP-224058). The SI detailed objectives can be found in Appendix A. 
To facilitate the discussion, following terminologies are used in this document:
· Downlink (DL): communication channel carrying information from the reader (BS or UE) to the device
· Uplink (UL): communication channel carrying information from the device to the reader (BS or UE)
· FDD DL: the frequency range in the paired spectrum allocated for BS to transmit signals/data etc. 
· FDD UL: the frequency range in the paired spectrum allocated for UE to transmit signals/data etc.
· Reader: BS in Topology 1 or UE in Topology 2
· Device: A-IoT device, including following
· ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backs11ered on a carrier wave provided externally.
· ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backs11ered on a carrier wave provided externally.
· X is to be decided in WGs.
· [bookmark: _Hlk159425319]PDSCH/PUSCH: in this document, the PDSCH or PUSCH is for A-IoT device, and it can at least include the data with or without CRC and PDSCH may include the control or scheduling information (like PDCCH) if needed, which depends on the discussion/decision in AI 9.4.2.3.
The Proposals/Questions in this document are tagged with High Priority, Medium Priority or Low priority. The Proposals/Questions that are in the focus of this round of the discussion are tagged FL2. You can prioritize on the High priority proposals/questions for this round, but welcome any views/comments for the Medium Priority and Low priority proposals/questions. 
Proposals for Thursday online discussion 
Proposal 5.1-2b: For further discussion, following terminologies are used for A-IoT:
· TR2D_min: Minimum Time interval between a R2D transmission and the corresponding D2R transmission following it. 
· TD2R_min: Minimum Time interval between a D2R transmission and the corresponding R2D transmission following it.
· [bookmark: _GoBack]TR2D-R2D_min: Minimum Time interval between two different consecutive R2D transmissions to the same A-IoT device. 
· The study for time intervals should consider at least following aspects 
· Implementation restrictions for the existing BS/UE
· [Processing time is common or different for different A-IoT devices]
· [Processing time for different traffic types/command types (e.g. DT or DO-DTT) and/or different use case (e.g., Inventory or Command)] 
· FFS other timing intervals


Proposal 5.2-1b: To receive a PR2DCH or to transmit a PD2RCH, at least study following for A-IoT device considering all device types:  
· How to determine the transmission length 
· Whether/How to know the frequency domain resource 
· How to know the TBS
· FFS other necessary information for demodulation of the PR2DCH
· FFS other necessary information for transmission of the PD2RCH


Proposal 2.1-2b: For A-IoT device, due to time drift from the high SFO (e.g., up to [105] ppm), the D2R transmission may not be aligned with NR symbol or slot boundary.

[bookmark: _Toc101519362]2	Frame structure for A-IoT
[2] proposed to wait for further progress on uplink and downlink transmission schemes (treated under agenda items 9.4.2.1 and 9.4.2.3) before discussing frame structure design for A-IoT. [30] proposed that RAN1 should first complete evaluation of candidate numerologies (i.e., 15 and/or 30KHz) supported by A-IoT devices before discussing further details of frame structure. It is understood that although the uplink and downlink transmission like waveform, coding, channel structure etc. has some impacts on the frame structure design, it is good if we can have some high-level design principles to progress.  
2.1	Time domain 
For A-IoT device frame structure in time domain, following points are discussed in the submitted contributions in AI 9.4.2.2:   
Whether to align the transmission with symbol or slot boundary defined for NR system 
[9], [12], [16] proposed to prioritize or reuse the NR Uu frame structure as baseline for A-IoT. The benefits are for better handling the coexistence and interference, and for the intermediate node, when present, does not to maintain two different timings. Above views are related to whether transmission to/from A-IoT device can be aligned with the NR symbol or slot boundary, will be discussed below.
For DL, 
· [4]: The start and end of Ambient IoT downlink transmission is not restricted to be aligned with the boundary of NR slot.  
· [6], [8], [10], [14]: it is beneficial to align the DL transmission with symbol or slot boundary for better resource management, good co-existence with NR system, minimize implementation complexity for gNB and UE as reader, and higher inventory efficiency.  
· [6]: The alignment can be under reader’s control and can be transparent to A-IoT device. 

For UL, 
· [bookmark: _Hlk159347559][4], [8], [6], [10], [14]: A-IOT device cannot maintain uplink transmission time alignment with NR slot or symbol due to time drift associated with extremely low-cost transceiver architecture.
· [3], [6], [31], [23], [27] express that an AIoT device does not need to apply or maintain a timing advance.
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[bookmark: _Ref158034594]Figure 2. Aligned DL transmission and unaligned UL transmission for A-IoT with NR from [10]
Based on above, following proposal can be considered:
FL1 High Priority Proposal 2.1-1a: agree following observation
· It is beneficial to align the A-IoT DL transmission with NR symbol or slot boundary, which can be controlled by the Reader and transparent to the A-IoT device. 
	Company
	Y/N
	Comments

	Qualcomm
	Y and N
	Regarding symbol boundary alignment, it would be useful in case the A-IoT DL re-uses OFDM transmitter.
Regarding slot boundary alignment, it would not be necessary in general. However, for in-band/guard-band operation, A-IoT reader would want to acquire T/F resource pool for A-IoT communications, and the pool is synchronized with the NR slot/subframe. For such scenario, the A-IoT DL should be transmitted such that it fits with the T/F resource pool for A-IoT communications in an efficient manner.

	ZTE, Sanechips
	
	OK with the direction of the proposal, but it should be pointed out this DL transmission is for command and CW is not included. For CW, whether to have further discussion on this depends on the analysis on interference aspects. Suggested revisions as below:
· It is beneficial to align the A-IoT DL command transmission with NR symbol or slot boundary, which can be controlled by the Reader and transparent to the A-IoT device. 

	LG
	Yes
	

	Vivo
	Y
	We agree with the observation. For DL, OFDM based OOK generator can be considered. Maintaining a symbol/slot level boundary alignment is beneficial for achieving a more efficient resource multiplexing (e.g., TDM operation) between NR and A-IoT DL, and it also helps minimize implementation complexity for the gNB/UE side. 
About QC’s comment on the slot boundary alignment, in our view, the observation is not to restrict the DL transmission should always be aligned with the slot boundary. Reader can decide whether to align with the slot boundary.  

	China Telecom
	Partly Y
	Seems that align with NR symbol is enough, the alignment with slot boundary may introduce extra limitation.

	Panasonic
	Y
	

	Continental Automotive
	Y
	We feel it is beneficial to align both symbol and slot boundaries with NR, for efficient resource allocation for A-IoT DL transmissions especially for in-band deployments.

	FUTUREWEI
	Y
	

	xiaomi
	Y
	

	DCM
	
	Intention of “which can be controlled by the Reader and transparent to the A-IoT device” is unclear for us. Does this mean that A-IoT channel/signal is defined without consideration of slot boundary from specification perspective? If YES, such agreement/observation is premature.

	Samsung
	Y
	This, however, an implementation issue and shall be agnostic to A-IoT devices as captured by FL.

	CMCC
	Y
	Support the proposal, and we propose the alignment with NR symbol boundary, since slot alignment will increase the gap between two downlink command, resulting in low inventory efficiency.

	Ericsson
	Y
	It will be beneficial to re-use the same slot or symbol boundary from resource efficiency perspective, the network/UE could re-use the existing framework for scheduling A-IoT devices.
If the proposal cannot be agreed, we are fine with the following alternative proposal:
It is beneficial to align the A-IoT DL transmission with NR symbol or slot boundary, which can be controlled by the Reader and transparent to the A-IoT device.

	Huawei, Hisilicon
	Y without slot alignment
	This may be discussed in 9.4.2.1.
To achieve subcarrier orthogonality with NR, it is beneficial to align the boundary of OFDM symbol between the downlink of Ambient IoT and NR.
As slot and frame defined in NR is unnecessary for Ambient IoT downlink, it is also unnecessary to align Ambient IoT transmission with NR slot boundary.
We would also like more clarity on the latter part of the observation – “which can be controlled by the Reader and transparent to the A-IoT device.”

	MediaTek
	Y
	Minimize the impact on legacy UE and gNB.

	Nokia/NSB
	Y
	We are generally okay with the observation. It is beneficial to align at least symbol boundary for the gNB/UE implementation and resource allocation, but as an observation, we don’t think the second part of sentence “which can be …” is necessary.

	Spreadtrum
	Y
	We think that the DL transmission should not include CW signals.
It is beneficial to align the A-IoT DL message transmission with NR symbol or slot boundary, which can be controlled by the Reader and transparent to the A-IoT device.
Additionally, we think that this issue should align with 9.4.2.1.

	CEWiT
	Partly Y
	For DL, OFDM based OOK waveform/modulation can be considered, therefore it will be more efficient for BS to have symbol level alignment.

	TCL
	Y
	

	SONY
	Y
	

	CATT
	Y
	Alignment to NR symbol and slot are needed.  

	OPPO
	Y
	In our view, this is more important in Topology 2 (UE reader) for interference management, as the DL transmission on FDD UL may be scheduled by the BS. 

	InterDigital
	Y
	

	FL2 
	FL2 Medium Priority Question 2.1-1b: Based on following agreements made in AI 9.4.2.1, it seems for OFDM-based waveform for A-IoT R2D transmission, it seems obvious that the R2D transmission is aligned with NR symbol boundary. Do you agree?  
Agreement
A-IoT DL study includes an OFDM-based waveform from A-IoT R2D (reader-to-device) perspective. 
· Depending on what modulation(s) are decided to be studied:
· Study whether/how to handle CP at transmitter/device/design 
· Study other characteristics of the OFDM waveform, e.g.:
· CP-OFDM
· DFT-s-OFDM
· Etc.
· The type of OFDM waveform is transparent to A-IoT device.
Other waveforms from DL transmitter’s perspective can be proposed, and further discussion will consider whether or not they are included in the study.

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

	Company
	Y/N
	Comments

	China Telecom
	Y
	From the agreement listed, OFDM waveform is used for R2D transmission and OFDM symbol is utilized for chip transmission. That means R2D waveform is generated based on NR implement and naturally at least NR symbol definition should be used for the generation procedure. Hence, NR symbol boundary is naturally aligned.

	LG
	Yes
	



FL1 High Priority Proposal 2.1-2a: agree following observation
· For A-IoT device, due to time drift associated with its extremely low-cost and low-power transceiver architecture, it is challenge to align the UL transmission with NR symbol or slot boundary and apply or maintain a timing advance.
	Company
	Y/N
	Comments

	Qualcomm
	Y
	

	ZTE, Sanechips
	N
	This proposal itself seems unclear given the challenge is not elaborated. Since it depends on the SFO accuracy, which don’t have conclusion based on the discussion in evaluation/architecture agenda item.
Moreover, in synchronization part, it was proposed that periodic synchronization can be used to reduce the SFO and given the communication range of A-IoT device is restricted, with sufficient DL synchronization, the UL transmission may still work in synchronized phase and thus aligned.

	LG
	Yes
	

	vivo
	Y
	Given that the SFO can be as large as up to ~105 ppm for an Ambient IoT device, it is quite a challenge for the device to maintain the ~us level synchronization, we agree with the above observation. 

	China Telecom
	Y
	

	Wiliot
	
	Not clear. If DL trigger to UL time is limited the challenge will be limited as well.

	Panasonic
	Y
	We are ok to conclude as an observation.

	FUTUREWEI
	
	The wording of the bullet is unclear. Perhaps the following
•	For A-IoT device, due to time drift from the high SFO associated with its extremely low-cost and low-power transceiver architecture, it is challenge to align the UL transmission may not be aligned with NR symbol or slot boundary and apply or maintain a timing advance.

	xiaomi
	Y
	Especially for type 1 device, the time alignment cannot be achieved. 

	DCM
	N
	This proposal is premature. Firstly we need to clarify details of transceiver architecture; secondly we have discussion on whether any technique can be considered for the alignment, if necessary; then finally we may have this kind of observation. Without such discussion, why can we reach this observation?

	Samsung
	Y
	Agreed.

	CMCC
	Y
	We share the same understanding.

	Ericsson
	N
	This issue is related to the discussion on synchronization requirements discussed separately. Until we have more clarity on the timing/frequency error and drift values to be considered for each device type, it will be too early to agree on this observation.

	Huawei, Hisilicon
	Y with comments
	This is true, but we are not very clear what the FL’s plan with this observation in hand would be. It would be better to make a proposal rather than an observation.
The SFO of 105 ppm can produce timing shift of 10 us every 100 us, which further accumulates with time. In this case, the timing alignment function of timing advance is not feasible, as the aligned chip-level (e.g., chip length of several us) timing between BS and device will get lost in a very short time (e.g., 100 us).

	MediaTek
	N
	It depends on the timing drift assumptions and UL transmission duration. It may be too early to agree on such an observation. 

	Nokia/NSB
	
	We understand the intention of the proposal, but it may not be reasonable to make this observation or conclusion for all AIoT device types for now. As an observation, we prefer to have the following modified text. 
At least for A-IoT type 1 device, due to time drift from the high SFO associated with its extremely low-cost and low-power transceiver architecture, it may not be able is challenge to align the UL transmission with NR symbol or slot boundary. and apply or maintain a timing advance

	Spreadtrum
	Y
	

	CEWiT
	Y
	

	TCL
	Y
	

	SONY
	N
	This depends on the SFO accuracy, where the SFO accuracy depends on device type architecture. For example, a type 2x device might have better SFO accuracy than a type 1 device. It is also possible that the device could be reasonably synchronized to the slot boundary even if it is not synchronized to the symbol boundary.

	CATT
	Y
	The UL signals arrived at the reader (gNB or intermediate UE) does not need to be aligned with other NR UL channels/signals.

	OPPO
	N
	Not necessarily. It depends on whether UL transmission is sync to the DL timing or UL transmission has its own synchronization mechanism. If synchronization mechanisms for DL and UL are separated, the timing drift may not be an issue for UL transmissions when it is immediately followed by a UL sync signal/preamble/CW.
When the expected communication range is short, it is unclear whether a timing advance is needed.

	InterDigital
	
	Agree with Nokia/NSB

	FL2
	Based on the received comments, following proposal can be considered 
FL2 High Priority Proposal 2.1-2b: For A-IoT device, due to time drift from the high SFO (e.g., up to [105] ppm), associated with its extremely low-cost and low-power transceiver architecture, it is challenge to align the UL transmission may not be aligned with NR symbol or slot boundary and apply or maintain a timing advance.

	Company
	Y/N
	Comments

	China Telecom
	
	The intention is true, but considering the UL transmission may not have a common understanding, I propose to modify it as the following description:
FL2 High Priority Proposal 2.1-2b: For A-IoT device, due to time drift from the high SFO (e.g., up to [105] ppm), associated with its extremely low-cost and low-power transceiver architecture, it is challenge to align the UL transmission D2R transmission may not be aligned with NR symbol or slot boundary and apply or maintain a timing advance.

	LG
	Yes with comments
	Agree in principle, and we are OK with China Telecom’s modification. In addition, proposed conclusion would be desirable, as FL initially intended.



Transmission length  
· [10], [6] proposed that for a A-IoT DL and UL transmission, a single transmission can be confined within one or multiple consecutive slots.  
· [23] proposed that a downlink or uplink transmission for AIoT device can have variable duration.

Time-domain resource unit
· [4] [8] [6] [14] proposed for DL and UL transmissions in Ambient IoT, the basic time unit is defined as chip length or OOK symbol.  
· [4] proposed that the slot and frame are not used as time units for Ambient IoT.

FL1 Medium Priority Proposal 2.1-3a: For DL and UL transmissions in Ambient IoT, the basic time unit is defined as chip length.
	Company
	Y/N
	Comments

	Qualcomm
	
	Probably it would be safer to say ‘for further discussion, the basic time unit is assumed to be a chip length’. With this, RAN1 can study with this as an assumption but can revisit if necessary. 
We wonder whether the proposal proposes to define a common time unit for DL/UL, which is a chip length of either DL or UL. We think it would be good to discuss DL and UL separately.

	ZTE, Sanechips
	Y
	OK with the proposal, but it should be clarified that the time domain definition is needed in the first place - frequency domain definition may be done alternatively, prefer to clarify that.
 For DL and UL transmissions in Ambient IoT, the basic time unit is defined as chip length if time domain definition is needed

	LG
	Yes with comment
	Agree in principle. However, it can be further discussed after AI 9.4.2.1 determines which modulation and/or waveform to use for DL/UL signals/channels.

	vivo
	Y
	

	Panasonic
	Y
	Ok with ZTE’s modification 

	FUTUREWEI
	
	If a chip length is defined, there may be a DL chip length and an UL chip length

	xiaomi
	Y
	

	DCM
	[N]
	This question is related to outcome of Proposal 2.1-2a. It is better to postpone this discussion later. Besides, using ‘chip’ implies that another aspect is determined as a specific mechanism. In other words, some mechanisms may be dropped by this proposal. We do not prefer it in this stage. As LGE commented, we should wait for progress of other agenda.

	Samsung
	-
	Generally fine but need to further discuss. 

	CMCC
	Y
	For clarification, here what the FL means the OOK chip? In principle fine. 

	Ericsson
	N
	We would prefer to study whether the basic time unit can be based on NR time units. In NR the smallest time unit is mini-slot which can be 2, or 4, or 7 OFDM symbols, and the duration of a mini-slot with 2 OFDM symbols is 70 us, which is comparable to the chip duration of OOK-1.

	Huawei, Hisilicon
	Needs modification
	This may be in 9.4.2.1.
We would like FL to clarify if this is a basic (smallest) unit for resource allocation, or definition of the time domain – the title of the proposal seems the former but the wording is the latter.
“Basic time unit” for definition of the time domain in NR and LTE, is Tc and Ts, respectively. These time units are used for e.g., OFDM baseband signal generation, and for A-IoT, would be used only for DL. For UL, these time units may not be needed because we assume that a single carrier waveform is used.
While for resource allocation, chip length can be the basic unit and needs to be defined for DL and UL of Ambient IoT separately. For DL, the length of the OOK chip depends on the number of chips in an OFDM symbol. For UL, the chip length is based on the transmission BW.
We think the FL may mean to rephrase as:
· For DL and UL transmissions in Ambient IoT, the basic time unit of resource allocation is defined as chip length.
Chip length is defined separately for DL and UL.

	MediaTek
	
	We prefer to use NR time units but we are open for discussion. It is beneficial to align the A-IoT DL transmission with NR symbol or slot boundary.

	Nokia/NSB
	
	The intention is understandable but simply saying chip length would be unclear for now. After we have more clear agreement or conclusion on modulation scheme with waveform, this could be easily agreeable. We prefer not to define it for now or clearly capture with a modulation scheme.

	Spreadtrum
	
	This issue is highly related with the discussion in 9.4.2.1, e.g., what the relationship between the Tc and the basic time unit which is defined as chip length?

	CEWiT
	Partly Y
	We agree with the QC’s view.

	SONY
	
	OK with proposal. 

	CATT
	Y
	Chip length should be the basic unit.  

	OPPO
	Further discussion needed
	Unclear at this stage to conclude the basic time unit should be a chip length as limited contributions discussed this aspect. Further discussion is needed in our view for both DL and UL.

	InterDigital
	
	Agree with companies that this is tied to 9.4.2.1/modulation scheme outcome and may be premature at this point.

	FL2
	Based on following agreement, the definition of chip can be further discussed in AI 9.4.2.1
Agreement
A-IoT DL study includes OOK from DL transmitter’s perspective.
· For an OFDM waveform, assume OOK-1 for single-chip per OFDM symbol transmission, and OOK-4 for M-chip per OFDM symbol transmission, starting from definitions in TR 38.869.
· FFS value(s) of M.
· FFS: Any changes needed from the definitions in TR 38.869.
· FFS: Exact definition of chip
· If other DL waveforms are included, further elaboration of the transmitter’s OOK generation would be needed.



About the chip length/duration,
· [8] proposed to support variable chip lengths to support different date rate requirements for both DL and UL.
· [4] proposed multiple chip lengths corresponding to the multiple uplink signal bandwidths are supported for uplink transmission in Ambient IoT.  
To determine the values for the chip length, [8] further proposed to consider the aspects of supported data rate, Inventory time, comparable with the time unit used in ISO 18000-6C UHF RFID (i.e., Tari of 6.25µs to 25µs.) and waveform generation, i.e., OOK1 or OOK4. 
  Table 1. Downlink chip duration with different downlink waveform generation from [8] 
(Note: Manchester 1/2 is used to calculate data rate*)
	Downlink waveform
	Chip rate
	Chip duration(us)
	Data rate *

	OOK-1
	14kcps
	71.43 
	7kbps

	OOK-4, M=2
	28kcps
	35.71 
	14kbps

	OOK-4, M=3
	42kcps
	23.81 
	24kbps

	OOK-4, M=4
	56kcps
	17.86 
	28kbps

	OOK-4, M=5
	70kcps
	14.29 
	35kbps

	OOK-4, M=6
	84kcps
	11.90 
	42kbps

	OOK-4, M=8
	112kcps
	8.93 
	56kbps



About the chip length indication,
· [4], [34] proposed that the downlink synchronization signal/preamble is supported to indicate the starting time and the chip length used for the following PDSCH transmission.

Based on above, following proposal can be considered: 
FL1 Low Priority Proposal 2.1-4a: To achieve a comparable peak data rate to ISO 18000-6C UHF RFID system, the downlink and uplink chip duration in a range comparable to or even smaller than the UHF RFID, i.e. in the range of several microseconds to tens of microseconds is beneficial.
	Company
	Y/N
	Comments

	Qualcomm
	Y
	We think we can study the peak data rates comparable to UHF RFID for DL and UL. This impacts on the discussion on transmission bandwidth.

	ZTE, Sanechips
	
	This proposal can be further discussed if the chip duration concept is defined firstly

	LG
	Y
	Agree the proposed observation. 

	vivo
	
	We are open to studying peak data rates comparable to UHF RFID, but this can be discussed after more progress is achieved on Medium Priority Proposal 2.1-3a

	Wiliot
	
	The UL and DL are very different once energy storage is available. We agree with the comparison to RFID for DL.

	FUTUREWEI
	N
	We should focus on the requirements of the SID and the TR (the per-UE data rate is > 5 kbps). The SID does not mention data rate of ISO 18000-6C UHF RFID system

	xiaomi
	Y
	

	DCM
	
	Same view with ZTE. This proposal is premature.

	Samsung
	-
	As marked by FL, this is a low priority aspect at this stage. 

	CMCC
	Y
	We are fine with the proposal

	Ericsson
	N
	Similar view as Futurewei

	Huawei, Hisilicon
	
	The value of chip length is related to signal bandwidth. One PRB can be regarded as the baseline for the system bandwidth of both DL and UL, where the transmission bandwidth should be no larger than system bandwidth. The extension of system bandwidth can be considered to match the maximum data rate of UHF RFID. Accordingly, chip length will be shorter for the bandwidth of multiple PRBs than a single PRB. In general, the system bandwidth can be discussed first.

	Nokia/NSB
	
	In principle, we share a similar view to support a comparable peak data rate of the UHF RFID system, but the chip concept is not clear for now, so we first would like to have a clear consensus on the target peak data rate as UHF RFID is not in the SID. Based on the target, we may be able to list up the required design parameters including time domain and frequency domain resources. 

	Spreadtrum
	N
	Similar view as Futurewei

	CEWiT
	
	This can be further discussed this with more clarity on chip duration.

	SONY
	
	Agree with ZTE comment

	CATT
	N
	It depends on the BW used for the transmission.

	OPPO
	N
	Agree with FW, and the outcome of FL1 Medium Priority Proposal 2.1-3a is still unclear. Moreover, the design target perhaps belong to a different topic/agenda.

	InterDigital
	N
	Same view as Futurewei (TR requirements) and Nokia/NSB (chip duration is not defined yet).

	Philips
	Y
	We share similar view as Qualcomm on slot boundary alignment.



Transmission channel structure   
[bookmark: _Hlk159419473]From contributions [1], [8], [4], [13], [36], [33], [21], [31] it is observed that the common parts proposed for the baseline DL and UL frame structure include the Synchronization Signal part and PDSCH/PUSCH. One clarification for PDSCH and PUSCH is in this document, the PDSCH or PUSCH is for A-IoT device, and it can at least include the data with or without CRC and PDSCH may include the control or scheduling information (like PDCCH) if needed, which depends on the discussion/decision in AI 9.4.2.3. In addition, 
· For DL frame structure, 
· DL Delimiter part proposed by [1], [4], [8], [17] to indicate the starting time of the downlink transmission, which can be used by the device for timing acquisition.
· Midamle part proposed by [8], [17] used for sync maintenance for large PDSCH
· Postamble (also called as End of Frame (EOF)/End of Siganlling (EOS)/Terminator) part is proposed by [4, [1], [8], [13], [26], [23] to indicate the end of a transmission.
· [13], [17], [8], [23] also mentioned the necessity of Postamble is also related to the discussion of time domain resource allocation, e.g. overhead for Postamble vs. indication of transmission length  
· Some companies think above DL Delimiter part and Postamble can be absent.  


 
Figure 1. A possible frame structure of A-IoT from [1] 
· For UL frame structure,
· Midamle part proposed by [8], [4], because following reasons 
· PUSCH transmission which lasts for a longer time for better link performance and more convenient BS implementation
· Even if line coding is applied, it may not be sufficient to maintain precise uplink sync. by preamble at the beginning of uplink transmissions for large packet. 
· midamble is required in case FEC without line coding for uplink large packet is used to improve data transmission efficiency 
· Delimiter part proposed by [13], it can be inserted among adjacent data blocks for synchronization, or de-modulation. (From FL, it may be same as Midamle)  
· Postamble part proposed by [4], [1], [8], [23] to indicate the end of a transmission
· [13], [17], [8], [23] also mentioned the necessity of Postamble is also related to the discussion of time domain resource allocation, e.g. overhead for Postamble vs. indication of transmission length, false alarm rate for Postamble
· UL-Pilot or UL reference signa proposed by [8], [13], for the channel estimation, de-modulation.
· [13] proposed to support to transmit preamble only, or preamble + reference signal only in UL (i.e., without data) for Reader to perform channel estimation or positioning.

[image: ]
[bookmark: _Ref158060625]Figure 4. The transmission structure of uplink from [4]
In addition, the function of the synchronization signal is also discussed in the following section 3.2 DL and UL Synchronization and section 5.2 scheduling related aspects in this document. Most companies share the views that the DL/UL Synchronization signal is used for DL/UL synchronization and used to indicate the start of the PDSCH/PUSCH transmission in time domain.   
Based on the above considerations, following proposal can be considered.
FL1 High Priority Proposal 2.1-5a: Following time domain frame structure can be studied as baseline for A-IoT DL and UL transmission.
· A-IoT DL transmission includes at least the components of a DL synchronization signal and PDSCH 
· A-IoT UL transmission includes at least the components of a UL synchronization signal and PUSCH
· [bookmark: _Hlk159530244]The DL/UL synchronization signal that precedes a PDSCH/PUSCH transmission is used for DL/UL synchronization and indicating the start of the PDSCH/PUSCH transmission in time domain.  
· Note: the PDSCH or PUSCH is for A-IoT device, can at least include the data with or without CRC and PDSCH may include the control or scheduling information (like PDCCH) if needed, which depends on the discussion/decision in AI 9.4.2.3. 
· FFS other necessary component(s)
	Company
	Y/N
	Comments

	Qualcomm
	
	In our understanding, the DL synchronization signal, associated with a PDSCH, is used for (1) timing synchronization for receiving the DL signal/channel with a particular symbol/chip rate, and (2) frequency synchronization for device 2 that generates carrier frequency internally (if the PDSCH is to trigger/schedule a PUSCH) to transmit UL signal/channel. 
The DL synchronization signal does not necessarily precede the PDSCH. For example, DL synchronization signal for timing synchronization can be at least preamble and may additionally be midamble/postamble, while that for frequency synchronization for device 2 can be preamble/midamble/postamble.
The UL synchronization signal, associated with a PUSCH, is used at least for timing synchronization at the reader. The UL synchronization signal would be at least preamble and may additionally be midamble/postamble.

Apart from the synchronization using DL synchronization signal mentioned above, we would like to study another level of “synchronization”.
We believe A-IoT devices work with energy in the storage. As we stated in Section 3.3, the devices cannot sustain ON with the limited energy in the storage and has to be OFF/sleeping sometime. By nature, A-IoT devices will be randomly ON and OFF that is unpredictable by reader. With this, A-IoT DL transmission including synchronization signal may not fall into the ON duration of the target A-IoT device. The This causes loss of efficiency a lot.
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We would like to study the possibility of control the ON-OFF behavior, i.e., duty-cycle monitoring. Instead of doing ON-OFF randomly based on the energy in the storage, we think A-IoT device would be able to roughly determine when it must be ON using the energy in the storage. Between ON durations, the device runs a clock to find the next ON duration. The A-IoT device harvests energy from the RF signal at least during the sleep state. By this, the A-IoT device does not go to OFF state, retain its memory and run a clock during the sleep state.
With this, we think reader can control the device duty-cycle monitoring by using an A-IoT DL “synchronization” signal. For example, a reader, when it wants to communicate with A-IoT devices, can send an A-IoT DL “synchronization” signal periodically, that indicates time offset to the next ON duration. The A-IoT devices that detects the A-IoT DL “synchronization” signal can determine the next ON duration of the duty-cycle operation. In the next ON duration, the reader can send the A-IoT DL “synchronization” signal that further indicates the next ON duration. The device can receive the A-IoT DL “synchronization” signal, correct its clock, and adjust/determine the next ON duration. With that, the device ON durations can be controlled/predictable by reader. This must be much efficient since the reader does not need to transmit A-IoT DL signal/channel in blind manner.
Note that the DL synchronization signal in the FL proposal, and the DL “synchronization” signal we would like to study additionally, are not contradicting each other, because the DL “synchronization” signal is used for maintain/synchronization of duty-cycle monitoring or ON duration/periodicity, not for DL symbol/chip reception.

	ZTE, Sanechips
	Y
	We agree with the proposal. 
Prefer not to progress too fast on midamble to leave some time for internal discussion.

	LG
	Yes with comments
	Agree in principle, but we have two comments.
- Regarding the first and the second bullets, we can further discuss whether to include the above components for every DL/UL transmission or not. For example, the UL synchronization signal can be skipped depending on the command type, payload size, etc.
- Regarding the third bullet, it can be further discussed whether the DL/UL synchronization signal will explicitly or implicitly indicate the start of the PDSCH/PUSCH transmission.

	vivo
	Y
	Preamble/sync signal is needed for each PDSCH/PUSCH to acquire the sync from the reader/AIoT device

	China Telecom
	Y
	Agree

	Panasonic
	Y
	

	Continental Automotive
	Y
	It would be good to make it explicit in the proposal that the nature of the DL and UL synchronization signals are FFS. 

	FUTUREWEI
	
	It is preferable to split the DL and UL into two proposals. It is hard to read

	xiaomi
	Y
	For the 3rd sub-bullet, the wording “precedes” can be revised as “immediately before/after or in-between” PDSCH/PUSCH transmission to reflect the possibility to introduce mid-amble and post-amble.

	DCM
	[N]
	In this meeting, all possibilities should be listed and companies should do analysis for the next meeting. Is this proposal only possibility? For example, UL TX must have UL sync signal always?
We suggest the following update:
FL1 High Priority Proposal 2.1-5a: Following time domain frame structure can be studied as baseline for A-IoT DL and UL transmission.
· A-IoT DL transmission includes at least the components of a DL synchronization signal and PDSCH 
· A-IoT UL transmission includes at least the components of [a UL synchronization signal] and PUSCH
· The DL[/UL] synchronization signal that precedes a PDSCH[/PUSCH] transmission is used for DL[/UL] synchronization and indicating at least the start of the PDSCH[/PUSCH] transmission in time domain.  
· Note: the PDSCH or PUSCH is for A-IoT device, can at least include the data with or without CRC and PDSCH may include the control or scheduling information (like PDCCH) if needed, which depends on the discussion/decision in AI 9.4.2.3. 
· FFS other necessary component(s)

	Samsung
	Y
	Agree in high level with a few comments as below:
· Suggest to change ‘DL/UL synchronization signal’ to preamble. The former can be confusing with periodic synchronization signals. 
· The note seems including several aspects that need further discussion. We may remove at this stage.  

	CMCC
	Y
	We are fine with the proposal. The FFS part should be a sub bullet, not the sub sub bullet.

	Ericsson
	N
	We are not yet sure whether all device types can be supported efficiently without periodic DL synchronization signals, so while we are fine with studying the structure described in the FL proposal, we also want to include study of structures that allow for periodic DL synchronization signals, at least for active devices which cannot rely on a stable frequency reference from an external CW transmitter.

	Huawei, Hisilicon
	Y with comments
	Considering the large SFO of 105 ppm for Ambient IoT device, asynchronous system is assumed for the air interface of Ambient IoT. For each DL or UL transmission, an on-demand timing acquisition signal (e.g., preamble) is needed for the indication of the start of PDSCH or PUSCH.
We would also not like to use the term synchronization signal since the system is assumed to be asynchronous and could be misleading. We prefer to call it as a timing acquisition signal or preamble, that contains the delimiter such that it can indicate the start of a transmission.
We suggest:
at least the components of a DL timing acquisition synchronization signal/preamble and PDSCH 
and similar in the other lines of the proposal.
The NOTE should be deleted, as it conflates several unrelated issues, is at least partly handled in 9.4.2.1, under coding for CRC, and anyway contains points needing technical discussion such as if there is a case for no CRC.

	MediaTek
	Y in principle 
	We are in principle fine with the proposal. Our proposal is that for PDSCH and PUSCH, payload is scrambled by CRC. Can FL clarify in what cases that it is beneficial and how it is beneficial for not having CRC?

	Nokia/NSB
	Y
	We are generally okay. The proposed structure could be a baseline for DL/UL transmission, but we would like to clarify the intention does not preclude other options. For example, the baseline structure would always contain sync signals and data in a single DL/UL transmission. In case a gNB performs multiple and sequential transmissions to send more data, the synchronization signals may not be always necessary for a specific type of AIoT device considered in the device architecture. 

	Spreadtrum
	Y
	We agree the proposal with minor modifications, i.e., change ‘DL/UL synchronization signal’ to preamble.

	CEWiT
	Y 
	Agree in principle. But we have one comment.
· DL/UL synchronization signal is needed but based on the use cases, the PDSCH or PUSCH cannot be present for all transmission. Therefore, PDSCH or PUSCH along with synchronization signal can be discussed further.

	TCL
	
	In section 3.3, Aperiodic only or Periodic synchronization signal is discussed. If synchronization signal is periodic, synchronization signal may not be transmitted in each DL transmission.
It seems that the Note should be discussed in section 9.4.2.3.

	Lenovo
	
	In addition to preamble, midamble and postamble can be additionally used for DL or UL synchronization which is dependent on the duration of the DL or UL transmission.
Furthermore, considering the time drift issue due to very low timing sync accuracy for a device, the guard period at the end of the DL or UL transmission should be considered.


	SONY
	
	Support

	CATT
	Y
	OK with the proposal 

	OPPO
	Y with comments
	We are generally OK, but some aspects should be FFS and captured in the proposals, especially related to the timing and time length for transmitting the DL and UL SS, and device energy charging/power-ON to receive SS (which is related to QC’s ON/OFF).
For the note, it is not strictly necessary as it is related to AI 9.4.2.3.

	InterDigital
	(Y)
	This should be applicable at least for 1 uW devices. Suggest adding something to exclude possibility of midamble and postamble portions of sync signal.
· The DL[/UL] synchronization signal that precedes a PDSCH[/PUSCH] transmission is used for DL[/UL] synchronization and indicating at least the start of the PDSCH[/PUSCH] transmission in time domain.
· FFS DL/UL synchronization signal within PDSCH/PUSCH and/or following PDSCH/PUSCH  


	Philips
	
	We have sympathy on Huawei’s modified proposal.

	FL2
	Following was agreed on Wednesday online session
Agreement
At least the following time domain frame structure is studied for A-IoT R2D and D2R transmission.
· For R2D transmission,
· A R2D timing acquisition signal (e.g. R2D preamble) is included at least for timing acquisition and for indicating the start of the R2D transmission in time domain.
· For D2R transmission,
· A D2R timing acquisition signal (e.g. D2R preamble) is included at least for timing acquisition and for indicating the start of the D2R transmission in time domain.
· FFS other necessary component(s), e.g. midamble, postamble, periodic sync signal, control fields, guard period




2.2	Frequency domain 
A few contributions discuss A-IoT operation from frequency domain perspective. In detail, 
· [36] proposed to study following:
· for Topology 1 where A-IoT device directly and bidirectionally communicates with a BS, study option 1 and option 2
· Option 1: DL(Forward Link, FL)/CW and UL(Backward Link, BL) for device 1/2a (devices’ UL transmission is backs11ered) on FDD-DL, UL (BL) for device 2b (device’s UL transmission is internally generated) on FDD-UL
· Option 2: DL(FL) on FDD-DL, CW/ UL(BL) on FDD-UL
· for Topology 2 where A-IoT device communicates bidirectionally with a UE as an intermediate node between the device and BS, study option 1, option 2 and option 3
· Option 1: DL(FL)/CW and UL(BL) on FDD-UL
· Option 2: DL(FL)/CW and UL(BL) for device 1/2a on FDD-UL, UL(BL) for device 2b on FDD-DL
· Option 3: DL(FL) on FDD-UL, CW/UL(BL) on FDD-DL

· [15] proposed to study following:  
· for Topology 1 where A-IoT device directly and bidirectionally communicates with a BS, 
· it is assumed that a DL frequency carrier of FDD band is used for A-IoT DL communication from the BS to A-IoT devices, and
· it is assumed a UL frequency carrier of FDD band is used for A-IoT UL communication from the A-IoT devices to the BS.
· for Topology 2 where A-IoT device communicates bidirectionally with a UE as an intermediate node between the device and BS,
· it is assumed that at least one UL frequency carrier of a FDD band is used for the bidirectional A-IoT DL and UL communication between the intermediate UE and the A-IoT devices.
· FFS whether a same UL frequency carrier or two separate/different UL frequency carriers are used for A-IoT DL and A-IoT UL communications between the intermediate UE and the A-IoT devices
· FFS whether the carrier wave should be provided/transmitted from a node outside the topology (e.g., CWN) or inside the topology (e.g., by the intermediate UE)
· If the carrier wave is provided/transmitted by the intermediate node UE, to avoid full duplex problem, an A-IoT device should be capable of performing a frequency shift of a received carrier wave to the scheduled A-IoT UL frequency carrier or channel.
· [12] proposed that A-IoT UL signal is transmitted on legacy UL spectrum in FDD and FFS: Ambient IoT DL signal is transmitted on either legacy DL spectrum or UL spectrum in FDD.

· [14] proposed following
· For DL frequency domain structure, one or more PRBs can be used for Ambient IoT DL transmission.
· For UL frequency domain structure, the resource for transmission can at least be a sing carrier bandwidth, the size of the bandwidth can be an integer multiple numbers of subcarrier size of NR, e.g., 15kHz, 30kHz, 150kHz, 300KHz, etc.
· Resource Unit (RU) is used as granularity for scheduling the UL data from Ambient IoT devices, one RU can be defined as a UL single carrier bandwidth in frequency domain, and has the corresponding length for each bandwidth size in time domain

From FL’s understanding, above is more proper to be discussed under AI 9.4.1.1 or 9.4.2.1. 
FL1 Low Priority Question 2.2-1a: Please feel free to input the comments for above frequency domain aspects, if any.  
	Company
	Y/N
	Comments

	ZTE,Sanechips
	
	If transmission bandwidth is defined, it seems we don’t need to duplicately define chip length? RAN1 needs to make a decision on this firstly.

	LG
	
	It can be further studied that PRB level alignment between Ambient IoT system and NR system. However, we do not have a strong view on which AI handles this issue.

	Wiliot
	
	Since the AIoT devices don’t have complex filtering for DL reception, there is a need to define a minimum PRB number.
For UL, it is preferred to have minimal number of combinations allowed for RU allocations, in order to allow simple implementation of both device type 1 and type 2.   

	Samsung
	-
	To be discussed in 9.4.2.1.

	CMCC
	
	For downlink (R2D) frequency resources to be used,
· signaling of the system BW location (discussed in AI9.4.2.1) is enough at least for device with RF-ED, since within the system BW, the device is not able to distinguish the frequency resources. 
· FFS for the case with IF/BB ED, signaled with an occupied BW location.
For uplink (D2R) frequency resources to be used, we think frequency shifting based on BB processing, e.g., using some line coding (such as miller code) can be considered. In that sense, the frequency domain resources can be signaled by the codeword. But we are also open to discuss other alternatives. 


	Spreadtrum
	
	At least the CW/ UL should be firstly discussed in 9.4.2.4

	CATT
	
	All DL and UL A-IoT signals should be in the UL spectrum 



3	Synchronization 
3.1	General
[2], [19] proposed to discuss and determine the maximum initial frequency and timing offsets, the maximum frequency and timing drift supported by each of the three A-IoT device types.
[27] proposed to discuss which kind of synchronization-level is necessary, i.e., which kind of system information (e.g., slot boundary, PRB boundary, slot index, PRB index, frame index, carrier frequency, carrier bandwidth) should be known at A-IoT UE.
[9] proposed following:
· RAN1 to ask RAN4 about the frequency and time synchronization requirements and whether a single set of requirements should be applicable to all Ambient IoT device types. 
· RAN1 to assess the suitability of techniques/principles used for time synchronization of existing technologies relying on passive devices (e.g., RFID devices) for the synchronization needs of the Ambient IoT devices and, if applicable, consider them as a reference starting point for the study of the Ambient IoT synchronization problem.
Based on the contributions submitted in AI 9.4.2.2, it seems most companies assume that the sampling frequency offset (SFO) can be as large as up to ~105 ppm for an Ambient IoT device with ~1 µW peak power consumption, and the same SFO value is assumed for all A-IoT device Types based on SID. The accumulative timing drift can be 10%*T after a time duration of T (e.g., the accumulated time error is 1ms every 10ms). As a reference, in the UHF ISO 18000-6C UHF RFID specification, the frequency tolerance of the tag-to-interrogator link varies from 5% to 22%, depending on the sampling rate corresponding to signal bandwidth.   

3.2	DL and UL Synchronization
[bookmark: _Hlk159530220]For downlink and uplink synchronization, most contributions share the views that a DL/UL synchronization signal such as DL/UL preamble/frame-sync part preceding the DL/UL data transmission should be studied for DL and UL synchronization. In addition, 
For DL synchronization/timing tracking to deal with the accumulated timing offset,  
· [4] proposed the rising- or falling- edge in each codeword of line code like Manchester codes is used to e.g. continuously refresh the timing reference point. 
· [8] proposed Midamble can be considered in case line code is not used  
· [27] proposed to discuss how long A-IoT UE can maintain synchronization and whether/how to avoid synchronization error in the middle of a communication sequence.

[bookmark: _Hlk159426755]For UL synchronization/timing tracking to deal with the accumulated timing offset, 
· [4] [8] proposed midamble should be supported for UL sync maintenance, for following reasons: 
· [bookmark: _Hlk159430526]midamble is inserted into the PUSCH transmission which lasts for a longer time for better link performance and more convenient BS implementation
· Even if line coding is applied, it may not be sufficient to maintain precise uplink sync. by preamble at the beginning of uplink transmissions for large packet. 
· midamble is required in case FEC without line coding for uplink large packet is used to improve data transmission efficiency 
· [27], [36] proposed to investigate whether midamble is necessary to address clock/frequency drift during a long UL transmission  
· [4] proposed to support a postamble for UL sync. maintenance
· postamble is transmitted at the end of each uplink transmission for SFO estimation at the BS receiver for much finer timing recovery compared to the chip-level timing tracking.

Synchronization signal design    
For DL synchronization signal design, 
· [8] think it is questionable for device with 1uW peak power consumption to perform correlation to acquire precise synchronization performance, hence the feasibility and necessity for sync signal design need further study.
· [36] proposed to study OOK/ASK sequence with Manchester coding for clock/time synchronization for all devices. 
· [5] proposed to study burst-type downlink synchronization signals/channels for ambient IoT which comprises a synchronization sequence, cell ID, a broadcast channel, and a guard period. Figure 1 from [5] gives one example.

[image: ]
Figure 1: One downlink synchronization burst from [5]
For UL synchronization signal design, different from DL, coherent detection is feasible and can be implemented at the gNB or UE side. Therefore, 
· [8] [4] think binary sequence-based design for UL preamble, midamble and postamble can be considered to allow reader side to get more precise carrier frequency information for coherent detection. 
· [36] proposed to consider FM0/MMS coded sequence for UL (BL) preamble
· [17] proposed to consider the sequence-based design like reusing the legacy NR sequence or select some fixed sequence.
Based on above, following proposals can be considered:
FL Medium Priority Proposal 3.2-1a: Study DL synchronization signal design based on OOK/ASK sequence with line code as the starting point for discussion.
	Company
	Y/N
	Comments

	Qualcomm
	Y
	For device 2 that generates frequency internally, OOK/ASK may not be enough. Suggest to add FFS: design to enable carrier frequency synchronization for device 2.

	ZTE, Sanechips
	N
	We believe we need to firstly identify the locations of synchronization signals, i.e. could it be preamble, midamble or postamble and the conditions, and potential patterns. Regarding the sequence itself, we had better have more comprehensive simulation results before reaching such conclusions. 

	LG
	
	OOK/ASK sequence without line code can also be considered.

	vivo
	Y
	

	China Telecom
	Y in principle
	

	Panasonic
	Y
	

	FUTUREWEI
	
	There were proposals in 9.4.2.1 dealing with line codes (Proposal 2.3a(I)) and modulation (Proposal 2.2a). There should be alignment between this proposal and those proposals.

	xiaomi
	Y
	

	DCM
	Y
	

	Samsung
	-
	We may need to first discuss whether A-IoT system will be based on asynchronous timing or synchronous timing. After this fundamental understanding, we can start discussing about synchronization signal. 
Once again, ‘synchronization signal’ is a confusing term as one may interpret it to periodic synchronization signals. In the case of asynchronous system, it would be better to be named as ‘preamble’ than ‘synchronization signal’.

	CMCC
	N
	In general, we think a preamble or a frame-sync similar as RFID can be a starting point for the synchronization signal. It can be considered to carry the indication of the data rate. UE is able to recognize the starting of downlink transmission and get some coarse synchronization. However, whether line code is needed depending preamble design. If correlation operation is not used for the reason of simple and easy to implement, than detecting of the rasing/falling edge can be considered. In that sense, line coding is not needed.


	Ericsson
	Almost
	We would like to include study of FSK with/without line code as well.

	Huawei, Hisilicon
	N
	It would be safer to call this concept a DL timing acquisition signal/preamble.
Sequence correlation is not practical for a harmonized design. 
This signal just needs to provide timing acquisition, so if the proposal can be narrowed down, it would help. 
Study DL synchronization timing acquisition signal design based on OOK/ASK sequence with line code as the starting point for discussion.

	Nokia/NSB
	Y
	As a starting point for discussion, it would be okay.

	Spreadtrum
	Y
	

	CEWiT
	Y in Principle
	

	TCL
	
	We need first discuss A-IoT system is asynchronous or synchronous, and then start discuss the designing of synchronization signal.
With or without line code should be further considered.

	Lenovo
	Y
	For device 2a, we can FFS binary sequence based DL sync signal design.

	SONY
	N
	Agree with ZTE

	CATT
	Y
	

	OPPO
	OK
	

	Philips
	
	We share similar view as Samsung. We may need to FFS on synchronization for active signal generation mode as indicated by Qualcomm.



FL Medium Priority Proposal 3.2-2a: Study UL synchronization signal design based on binary sequence as the starting point for discussion.   
	Company
	Y/N
	Comments

	Qualcomm
	Y
	

	ZTE, Sanechips
	N
	We believe we need to firstly identify the locations of synchronization signals, i.e. could it be preamble, midamble or postamble and the conditions, and potential patterns. Regarding the sequence itself, we had better have more comprehensive simulation results before reaching such conclusions. 

	LG
	Y
	Binary sequence can be a starting point for UL synchronization signal design discussion.

	vivo
	Y
	

	China Telecom
	Y
	

	Wiliot
	Y
	There is a need to understand the tasks for this sequence at the receiver: frequency synchronization, frame start, symbol clock sync, etc. 

	FUTUREWEI
	N
	The synchronization signal may have to consider the waveform

	xiaomi
	Y
	Since coherent detection can only be achieved on reader side.

	DCM
	
	Proposal 2.1-5a should be discussed first.

	Samsung
	-
	Same comment as before.

	CMCC
	Y 
	Fine. The design of uplink preamble or midamble can be sequence-based to let the receiver obtain more precise carrier frequency synchronization information.

	Ericsson
	N
	Agree with comments from ZTE and Futurewei

	Huawei, Hisilicon
	Y
	It would be safer to call this concept a UL timing acquisition signal/preamble.
As BS receiver can support sequence correlation, UL preamble can be designed based on binary sequence(s), considering binary modulation is more suitable for backscattering in uplink.

	MediaTek
	
	We can confirm a need of UL synchronization signal first. 

	Nokia/NSB
	Y
	Same view as above: As a starting point for discussion, it would be okay.

	Spreadtrum
	Y
	

	CEWiT
	Y
	

	TCL
	
	We need first discuss A-IoT system is asynchronous or synchronous, and then start discuss the designing of synchronization signal.

	Lenovo
	Y
	

	SONY
	N
	Agree with ZTE

	CATT
	N
	The UL synchronization signals is a modulated carrier wave with specified sequence

	OPPO
	OK
	



Other aspects
· Issue#1: [2] proposed to study whether the current power budget limitations allow each of the three A-IoT device types to support mechanisms that enable frequency and time synchronization. In addition, whether passive devices can obtain synchronization from carrier wave, and if so, what frequency and time accuracy can be achieved by the external carrier wave transmitter (CWT) need also to be discussed.
· Issue#2: For device 2b that can generate signal internally, 
· Issue#2-1: [36] propose to study carrier frequency synchronization signal (e.g., single tone) for active UL (BL) transmission, considering the large frequency error. For example, 1% frequency error causes 9MHz uncertainty in a carrier frequency of 900MHz.   
· Issue#2-2: [15] propose to study following for device 2b in Topology 2, 
· when a same UL frequency carrier is configured and used for both A-IoT DL and A-IoT UL communications between the intermediate UE and A-IoT devices, the time and frequency synchronization achieved in the A-IoT DL can be used by device 2b for A-IoT UL transmission.
· FFS any solution needed for a timing drift issue caused by accumulation of SFO error over time when the time gap between A-IoT DL and UL communication is larger than a certain threshold
· when different/separate UL frequency carriers are configured and used for A-IoT DL and A-IoT UL communications between the intermediate UE and A-IoT devices, a new mechanism should be studied for device 2b to acquire time and frequency synchronization to the intermediate UE.
· Issue#3: [34] and [10] discussed for Topology 2, discuss the DL transmission timing from UE to A-IoT devices. [10] mentioned, it can follow the design principle as defined for SL communication. More specifically, the DL transmission from UE to A-IoT devices aligns with the DL transmission timing for NR, i.e., no TA is applied. 
FL1 Low Priority Question 3.2-3a: Any issues in above should be discussed as high priority for this meeting?
	Company
	Y/N
	Comments

	Qualcomm
	Y
	We think enabling carrier frequency synchronization for device 2 is also important.

	LG
	
	Regarding Issue #3, it can be further discussed which TA value will be used for DL synchronization signal from intermediate node in topology 2. (e.g., UL TA of intermediate node or configured TA offset value)

	Wiliot
	
	Issue#2-2: FFS: if 0.1% as initial offset can be accepted as final and avoid additional synchronizations. 

	Samsung
	N
	These issues are not for the first stage of SI discussion.

	Ericsson
	N
	We think Issue#1 and Issue#2-1 are important, but not in this meeting.

	Huawei, Hisilicon
	
	Harmonized design should be targeted between Ambient IoT devices with different power consumption and implementation architecture. For example, SFO of 105 ppm should be regarded as the baseline assumption for the air interface design. On this basis, any specific optimization for a dedicated device architecture should be deprioritized.

	Spreadtrum
	
	We agree with HW that harmonized design should be considered in A-IoT system, it should be deprioritized for the optimization with a dedicated device / architecture.

	CEWiT
	
	We think that Issue #1 needs to be discussed first and based on the outcome of it, further discussions on other issues can be taken.

	CATT
	N
	These issues would be discussed after the frame structure and physical channels for A-IoT is clear.  

	OPPO
	
	The cases and issues listed in Issue #2-2 could be further discussed and/or listed as FFS in this meeting.



3.3	Aperiodic only or Periodic synchronization signal  
On one hand, [3], [11], [4], [15], [5], [1], [8], [6], [24], [14], [16], [23], [35] propose to study only aperiodic synchronization signal for A-IoT operation, for following reasons:
· Impossible for A-IoT device to maintain synchronization and timing with the network due to very low power consumption and limited energy storage 
· Large SFO (e.g., ~105 ppm) causes 1ms time drift every 10ms, challenge to maintain µs-level sync  
· A-IoT DL traffic could be quite infrequent, periodic SS consumes large overhead and power consumption for both device and network  
On the other hand, besides aperiodic synchronization signal,   
· [18] proposed to study the network-triggered locally synchronous system for A-IoT devices, the idea is to maintain the synchronization in a temporary manner when triggered by NW. For example, as shown in Figure 3 from [18], the network initiates the A-IoT communication session by transmitting a beacon. Once the beacon from a gNB is received, an A-IoT device assumes that the transmission interval between two successive beacons are fixed at least during the current A-IoT session until the current session ends.   
[image: ]
[bookmark: _Ref157107968]Figure 3 Network-triggered locally synchronous system from [18]

· [36] discussed the necessity for studying the periodic synchronization signal is because the duty-cycle operation is necessary for A-IoT device which is not very close to the energizer (Device#2 and #3 in Fig. 6 from [36]). The energy storage is assumed to lower the activation threshold of RF incident power. So, A-IoT devices can easily wake up without high RF incident power or even wake up by interference for in-band/guard-band deployment scenarios. Eventually, the energy in the storage easily/always runs out and the A-IoT device wake-up cannot rely on the energy storage most of the time. In order not to run out the energy in the storage, such A-IoT devices should be able to wake up in duty-cycle manner. During on-duration, the device can monitor/receive DL (FL) signals, during off-duration, the device harvests energy from RF.

[image: ]
Given the possibility of duty cycle operation, [36] further discuss on how to align the on-durations of duty-cycle operations among different A-IoT devices to facilitate Reader’s transmission in a more efficient way. The solution is based on the periodic DL (FL) synchronization signal transmitted by the Reader in a “window” for on-duration to help A-IoT device to correct its clock which is kept running during light-sleep state for duty-cycle operation. Since the clock running during light sleep may not be quite accurate, Reader needs to take care of the alignment uncertainty for on-duration among A-IoT devices by setting a “window” wide enough to cover the uncertainty. Fig.8 in [36] gives one example below.  
[image: ]

· Related to the duty cycle operation, 
· [27] proposed to clarify assumption with respect to available energy at A-IoT UE and a signal for energy source may need to be defined in 3GPP spec, one reason is for some A-IoT UE, it may be only capable of energy harvesting from the RF signal.  
· [32], [34] proposed to study the energy harvest time and its impacts on frame structure and timing relations.

· [7] proposed LP-SS in the topic of R19 LP-WUS/WUR can be considered as a baseline at least for the device with high capability (i.e., ≤ a few hundred µW peak power consumption).
· [19] proposed some common synchronization signals that transmitted to all devices served by a NW node can be considered.
· [20], [29] proposed to study synchronization transmitted periodically like NR SSB for efficient synchronization

In summary, from FL’s understanding, the energy storage for ~1 µW device seems to be used to lower the device activation threshold. Then the harvested energy from the RF incident signal for the device not of which the power comparable with the device activation threshold cannot compensate for the power consumption consumed by the device. In this case, the stored energy will eventually run out and result in duty cycle.
Based on the above considerations, the following FL1 High priority question is made: 
FL1 High Priority Question 3.3-1a: What is your view or assumptions on the following for A-IoT device with ~1 µW peak power consumption?
· Point 1: the energy storage usage, e.g. it is used to lower the threshold of RF incident power to be activated?
· Point 2: for A-IoT device with ~1 µW peak power consumption, what are the reasonable assumptions/understandings for 
· the power source i.e., RF signal only or and/or any other power sources like light, motion, heat etc. assumed available in addition to RF signal?
· the target coverage
· the energy storage capacity   
· the power consumption when the device is activated
· the device energy harvesting (EH) rate     
	Company
	Comments

	Qualcomm
	As we commented in Section 2.1, we think there are multiple levels of “synchronization”.
For the DL synchronization for DL data reception, we think there are fundamental questions that we need to consider for further discussion of synchronization framework:
1. Whether the synchronization procedure of A-IoT DL is empowered/activated by RF incident power, or by energy in the energy storage?
2. If the synchronization procedure of A-IoT DL is empowered/activated by RF incident power, what the energy storage used for?
3. If the synchronization procedure of A-IoT DL is empowered/activated by energy storage, whether RAN1 should consider the energy budget in the energy storage?

For the above questions, we believe synchronization procedure empowered/activated by energy in energy storage is an important aspect for A-IoT (and is a major different from UHF RFID) and should be studied. The study of the framework should also consider the fact that energy in the energy storage is not unlimited.
Suppose an A-IoT device is not close to RF energy source and its receiving RF power is not as high as the RF activation threshold for pure passive device (e.g., lower than -20dBm). In order to support A-IoT communications in such scenario (better link-budget/coverage than pure passive device such as UHF RFID), the device needs to use energy in the energy storage for the communications, including to monitor the DL synchronization signal.
However, the device cannot sustain its power to monitor the DL synchronization signal. After the energy in the storage is getting empty, the device is going to OFF state for charging (cannot receive/monitor DL synchronization signal) until the device gets fully charged again. The charging takes some time, depending on the RF power, EH efficiency, capacity of the energy storage, etc. After it gets fully charged, the device can monitor the signal for a whole.
As such, the device with no sufficient RF power behaves as “sometime ON (able to receive DL synchronization signal using energy in the energy storage), and sometime OFF (unable to receive it due to charging)”. This ON-OFF behavior is coming from the nature that the device uses energy in the storage for the procedure. If RAN1 does not deal with this issue, the consequence is that A-IoT devices operates ON and OFF randomly. Such behavior is invisible and is not controlled by the reader and even by the device itself. When a reader sends a DL signal (synchronization signal with a command, for example), it may or may not fall in ON duration of the target device. Reader/system has to deal with the huge uncertainty, which causes significant loss of spectral efficiency.
One can of course propose to ignore the above fact by saying (1) RAN1 must assume energy in the storage is unlimited, (2) device can have other energy source and hence EH is not the scope of the study, etc. However, (1) eventually makes A-IoT workable as if it is just passive A-IoT devices without energy storage (no link-budget/coverage extension compared to pure passive device). (2) eventually mandates to implement A-IoT device with the other reliable energy source/harvest other than the RF signal. We believe these are not good directions and are not aligned with the SID that defines all the device types with energy storage.
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We understand we need to discuss the above 3 questions. Once the issue is acknowledged, then we can discuss whether any solution is necessary to make it better.
We would like to study the possibility of control the ON-OFF behavior, i.e., duty-cycle monitoring. Instead of doing ON-OFF randomly based on the energy in the storage, we think A-IoT device would be able to roughly determine when it must be ON using the energy in the storage. Between ON durations, the device runs a clock to find the next ON duration. The A-IoT device harvests energy from the RF signal at least during the sleep state. By this, the A-IoT device does not go to OFF state, retain its memory and run a clock during the sleep state.
With this, we think reader can control the device duty-cycle monitoring by using an A-IoT DL “synchronization” signal. For example, a reader, when it wants to communicate with A-IoT devices, can send an A-IoT DL “synchronization” signal periodically, that indicates time offset to the next ON duration. The A-IoT devices that detects the A-IoT DL “synchronization” signal can determine the next ON duration of the duty-cycle operation. In the next ON duration, the reader can send the A-IoT DL “synchronization” signal that further indicates the next ON duration. The device can receive the A-IoT DL “synchronization” signal, correct its clock, and adjust/determine the next ON duration. With that, the device ON durations can be controlled/predictable by reader. This must be much efficient since the reader does not need to transmit A-IoT DL signal/channel in blind manner.
Note that the DL synchronization signal in the FL proposal, and the DL “synchronization” signal we would like to study additionally, are not contradicting each other, because the DL “synchronization” signal is used for maintain/synchronization of duty-cycle monitoring or ON duration/periodicity, not for DL symbol/chip reception.


	ZTE, Sanechips
	If we follow the periodic or aperiodic synchronization single discussion, it’s better to formulate a proposal accordingly, e.g. some proposal such as
Study periodic or aperiodic synchronization signal including the signal location and configuration/transmission mechanism.

	LG
	On Point 1, the energy storage can be used to 
· to stabilize and control the power output, smooth the fluctuation
· to collect the weak harvested power and provide the higher peak power required for transmission and reception of the ambient IoT devices
· and also, to make it possible to use more kinds of ambient power sources by using the energy storage
On Point 2, we think most of the assumptions need to be further discussed in other AIs on evaluation and device architectures. On the first sub-bullet, we can consider other energy sources where necessary, but we would like to focus our discussion on the RF energy source e.g., provided by the BS (gNB or UE).

	vivo
	We think every company shares the view that aperiodic/on demand synchronization signal is needed for A-IoT operation. Then, in addition to that, whether a periodic synchronization signal is necessary or not needs further discussion, and it is highly related to companies’ assumptions on energy storage. 
For ~1uw device, we think the energy storage usage is used to lower the activation threshold, but the extent needs further discussion, there seems 10dB difference among companies. In addition, for ~1uw device, we think at least RF signal should be provided. 
The target coverage for ~1uw device is always like cell center (less than 10m), then it is possible for the device to always keep on even with small energy storage capacity (like Device#1 in QC’s figure 6). If the target coverage is large, then if the energy storage capacity is enough to support the device sustain ON when in use, then the periodic signal may also not be needed. In our view, for a 1uw device, it behaves more like a passive tag without a periodic synchronization signal.          

	Wiliot
	Point 1: energy storage is used for other tasks besides communication like sensing or security.
Target range for device type 1 is less than 10m.
Several activation levels exist (TX/RX/idle) so not sure which is referred as “active”.

	Continental Automotive
	For point 1, we believe the energy storage will be used at least to operate the logic circuits for backscatter modulation. 
We are OK to discuss further whether the energy storage should in addition be used to lower the threshold of RF incident power to be activated. However, this would eventually imply the network dictating how much energy should be used by the device to lower the RF incident power activation threshold, which is effectively redefining the RF incident power activation threshold (i.e., mandating that all devices maintain the RF incident power activation threshold at a particular value). So, we do not understand the reason for this requirement. 
In general, we believe how the energy storage should be used should be left up to device implementation, except for the network assuming a worst-case activation threshold. 
For point 2, on power source, the network should not assume the existence of power sources other than RF energy. Devices can have other power sources, whose usage is subject to device implementation. However, the network always assumes that 1 uW device requires RF energy harvesting.
For the network design, a maximum target coverage and minimum energy storage capacity should be assumed for the study after evaluations (if necessary). 
Power consumption when the device is activated should be considered when evaluating receiving/transmitting schemes. 

	FUTUREWEI
	This proposal is not necessary
For point 1, whether / how energy storage usage is not in the scope of the SID
For point 2, the target coverage is discussed in the evaluation agenda item. The other items are not in the scope of the SID

	xiaomi
	This issue may be more suitable to discuss in other sections.

	[bookmark: _Hlk159937133]DCM
	We are a bit confused with this question. This may be discussion topic in 9.4.1.2? Even if this agenda has this kind of discussion, this agenda should wait for progress in 9.4.1.2.

	Samsung
	Point 1: Need further clarification regarding the provided description. 
Point 2: RF EH can be assumed for device with 1 uW power consumption. The target coverage can be further discussed after link budget analysis. Energy storage capacity and EH rate may be specific to a specific implementation. 

	CMCC
	We think energy storage can be used to allow lower activation threshold of RF EH. 
To be more precisely, for energy storage based on RF-EH, we should consider the following two options.
· Option 1: charge-and-use at the same time
· Option 2: charge for a period (e.g., >1s) before use
For option 1, the capacitor can help to reduce the activation threshold. The harvested power by RF should be no less than the peak power if no capacitor/small capacitor (pF) is used. The activation threshold should be no less than the peak power. However, with a medium load capacitor with harvested RF power, it is expected the activation threshold no less than the average power is enough. 
For option 2, we think it is a new mechanism which has not been discussed. We should avoid any random ON-OFF behavior for the A-IoT device. How to avoid random the ON-OFF should be studied before conclude.
Our proposal would be as follows,
For 1uW A-IoT device and RF EH, 
· support at least charge-and-use at the same time
· FFS whether and how to support charge for a period before use for RF EH. It should consider at least avoiding random the ON-OFF of the devices.

	Ericsson
	Perhaps this topic fits better under agenda item 9.4.1.2 (on device architecture).
Perhaps ZTE’s proposal above (“Study periodic or aperiodic synchronization signal including the signal location and configuration/transmission mechanism”) can be considered here.

	Huawei, Hisilicon
	Harmonized design should ask such questions for all the devices, and not split the design apart.
Both Point 1 and much of Point 2 are out of the scope of 3GPP, and others (such as target coverage) out of scope to 9.4.2.2.
Our assumption is that the device will have power when it is required to operate. 
For point 1, defining the energy storage usage would mean identifying the storage capacity and other energy related aspects which are not within our domain expertise. 
For point 2, deciding the power source, storage capacity etc. would require specific energy related expertise, which is not within our communications domain.

	Nokia/NSB
	We share a similar view of Qualcomm about the listed fundamental questions. We first need to discuss if the synchronization procedure should always be empowered by RF incident power, which would be also related to the point 1. For point 1, the stored energy could be used to perform/ initiate synchronization procedure depending on device capability. It looks like the current discussions are mostly based on the passive devices, but it should be noted that the current application of active RFID can send alert signal based on sensing an event to avoid an accident/disaster, which may also need to be considered. The energy storage could be used for this, and it may be related to the on/off issue raised from Qualcomm. For point 2, a storage capacity assumption would be okay, but we shouldn’t preclude energy source on top of RF, as it is up to the device implementations.

	Spreadtrum
	We think the question is not necessary.
For point 1 and point 2 except the target coverage, it is out of the SID scope.
For the target coverage, it is better to discuss in the evaluation of 9.4.1.1.

	CEWiT
	· The procedure for duty cycle for A-IOT should be defined by the specs, the ON- OFF states can be determined based on the energy harvesting time or the energy storage.
· We would like to focus on the RF energy source for the discussions.


	Lenovo
	We think there are some open issues relevant to this sync design:
1. whether the energy for DL sync for a device is from its energy storage or activated by the external RF carrier?
2. if the energy is from external RF carrier, how much time is needed for a device to harvest the enough energy to complete the DL sync procedure?
3. if the energy is from the device energy storage, is it a reasonable assumption that the device has enough energy to complete the DL sync procedure?
4. If a device is sleep or has no enough power, does the reader know this? 
· With above four questions resolved, the DL sync design can start.

	SONY
	We agree in principle with Qualcomm that the issues identified by Qualcomm need to be addressed. We need to account for the fact that the device will not always have energy and will need time to harvest energy and that that energy harvesting time needs to be accounted for.
While we do not need to specify how energy harvesting is done, there are likely to be specification impacts on dealing with a device that has intermittent energy (the points raised by Qualcomm).
Point 1: energy used to lower activation threshold. Energy is also used to maintain memory state between DL reception and UL transmission.
Point 2:
Source: RF signal or other, depending on implementation
Target coverage: isn’t this the same for all device types??
Energy storage capacity: up to device implementation. RAN1 needs to assume a range of values for which the AIoT signalling scheme will work and the device needs to implement an appropriate energy store.
Power consumption: device 1 = 1uW
Device harvesting rate: RAN1 needs to account for different harvesting rates. E.g. the harvesting rate would depend on the power of an incident RF signal, the amount of light landing on a solar cell etc. 

	CATT
	First, the ring oscillator would be triggered by external energy regardless the capability of energy storage.   The energy storage might be able to help the detection of the A-IoT signals but should not be the strong dependence on the detection threshold.

	OPPO
	The 3 questions listed by QC should perhaps be discussed and addressed to understand device energy charging/harvesting.

	FL2
	It seems companies have different understandings on the assumptions about the energy storage and whether/how it impacts on the synchronization procedure. This is the first meeting, better to give more time for companies to think by taking into account above companies’ input.   



FL1 High Priority Question 3.3-2a: What is your view or assumptions on the following for backscatter-based A-IoT device with ~a few hundred µW peak power consumption?
· Point 1: the energy storage usage, e.g. it is used to lower the threshold of RF incident power to be activated?
· Point 2: for A-IoT device with ~a few hundred µW peak power consumption, what are the reasonable assumptions/understandings for 
· the power source i.e., RF signal only or and/or any other power sources like light, motion, heat etc. assumed available in addition to RF signal?
· the target coverage
· the energy storage capacity   
· the power consumption when the device is activated
· the device energy harvesting (EH) rate       
	Company
	Y/N
	Comments

	Qualcomm
	
	Our view is same as Question 3.3-1a. We think that also for the device with a few hundred uW peak power consumption, the use of energy storage should be taken into account for communications and synchronization. Since the peak power consumptions are quite different, feasible capacities of the energy storage maybe different. However, we believe the necessary discussion on synchronization framework is identical.

	ZTE, Sanechips
	N
	Similar to our previous comment, a proposal on aperiodic/periodic synchronization signal is more beneficial

	LG
	
	On Point 1 and Point 2, basically the same answer as the previous question. 
On Point 1, in addition, the stored energy can be used to run the amplifier. 

	vivo
	
	For a few hundred uw device, the energy storage is used to lower the activation threshold. The energy source should include not only RF signal, but also other energy sources. otherwise, the time for the device to be fully charged will be very long considering its power consumption. For this device2a/2b, the target coverage should be larger than device 1. 
About the energy storage, and the assumption on the energy when the device in use, different companies have different understandings. From our perspective, we think it would be simpler to assume the energy is always available when the device is in use.   

	Wiliot
	
	We agree with point 1.
Point 2: 
There is no limitation for device type 2 to work only on RF signal energy once energy storage is available. If more energy is available from other sources – it can help, but RF energy is the basis for reliable operation of type 2 as well. 
Target range for device type 2 is at least 50m
There are several activation levels, e.g. TX, RX, idle – each is expected to work with a different power consumption (all below peak PC).

	Continental Automotive
	
	For point 1, our view is similar to point 1 of question 3.3-1a.
For point 2, 
For power source, we believe it is not necessary that the ~few hundred uW device requires RF signal for energy harvesting, but for unified design, the network should still provide the option for such a device to harvest RF signal energy. i.e., from the network design perspective, the assumption should be that both types of devices harvest RF signal energy.
For other parameters, our views are similar to point 2 of question 3.3-1a.

	FUTUREWEI
	N
	This proposal is not necessary
For point 1, whether / how energy storage usage is not in the scope of the SID
For point 2, the target coverage is discussed in the evaluation agenda item. The other items are not in the scope of the SID

	xiaomi
	
	This issue may be more suitable to discuss in section 9.4.2.1.

	DCM
	
	We are a bit confused with this question. This may be discussion topic in 9.4.1.2? Even if this agenda has this kind of discussion, this agenda should wait for progress in 9.4.1.2.

	Samsung
	
	Point 1: Need further clarification regarding the provided description. 
Point 2: RF EH may be difficult to be assumed for device with > 100 uW power consumption. The target coverage can be larger than the device with 1 uW power consumption but further discussed after link budget analysis. Energy storage capacity and EH rate may be specific to a specific implementation.

	Ericsson
	
	Perhaps this topic fits better under agenda item 9.4.1.2 (on device architecture).
Perhaps ZTE’s proposal above (“Study periodic or aperiodic synchronization signal including the signal location and configuration/transmission mechanism”) can be considered here.

	Huawei, Hisilicon
	N
	Both Point 1 and much of point 2 are out of the scope of 3GPP, and out of the scope of 9.4.2.2, for the same reasons as mentioned above. Our assumption is that the device will have power when it is required to operate.

	Nokia/NSB
	
	Same view as above.

	Spreadtrum
	N
	The same comment as Question 3.3-1a.

	CEWiT
	
	On point 1, the stored energy can be used to amplify the signal.
On Point 2, same answer as the previous comment

	Lenovo
	
	Same as comments to Q3.3-1a.

	SONY
	
	We agree in principle with Qualcomm that the issues identified by Qualcomm need to be addressed. We need to account for the fact that the device will not always have energy and will need time to harvest energy and that that energy harvesting time needs to be accounted for.
While we do not need to specify how energy harvesting is done, there are likely to be specification impacts on dealing with a device that has intermittent energy (the points raised by Qualcomm).
Point 1: energy used to lower activation threshold. Energy is also used to maintain memory state between DL reception and UL transmission.
Point 2:
Source: RF signal or other, depending on implementation
Target coverage: isn’t this the same for all device types??
Energy storage capacity: up to device implementation. RAN1 needs to assume a range of values for which the AIoT signalling scheme will work and the device needs to implement an appropriate energy store.
Power consumption: device 2 = [500uW]. Ideally device 2 would support an active transmit power of >-10dBm. Accounting for amplifier efficiencies and that there are other demands on the power (baseband, protocol processing etc), 500uW is about the right amount of energy storage.
Device harvesting rate: RAN1 needs to account for different harvesting rates. E.g. the harvesting rate would depend on the power of an incident RF signal, the amount of light landing on a solar cell etc.

	CATT
	N
	The stored energy is used for UL signals amplification. 

	OPPO
	
	Same view as Question 3.3-1a.



4	Random access 
4.1	Random access framework for A-IoT system
[2], [9], [27] proposed to clarify the purpose and scope of the random access. 
[bookmark: _Hlk159344062]There are many contributions share the views that the random access used in NR for re-acquiring precise (a few microseconds) UL synchronization and/or establishing the RRC connection is not needed for A-IoT operation. The random access for A-IoT operation is mainly used for inventory process, at least including the A-IoT device identification and associated response/information to Reader’s request. Therefore, following is proposed:
FL1 High Priority Proposal 4.1-1a: Random access procedure in A-IoT system is used for inventory process, at least including A-IoT device identification, associated response/information to Reader’s request(s). 
	Company
	Y/N
	Comments

	Qualcomm
	Y
	

	ZTE, Sanechips
	Y
	

	LG
	Y
	

	vivo
	Y
	

	China Telecom
	Y
	

	Wiliot
	Y
	Transmission of a fixed A-IoT device identification can have privacy issues. 

	Panasonic
	Y
	

	Continental Automotive
	
	We believe it is not necessary to explicitly mention the use case of inventory process in the proposal suggest the following modification: RA procedure in A-IoT is used for at least A-IoT device identification and associated response/information to Reader’s request(s).

	FUTUREWEI
	Y
	

	xiaomi
	Y
	Another usage of Random access is to mitigate the collision among devices as much as possible.

	DCM
	
	This proposal seems to be RAN2 matter, not RAN1 matter. At least, definition of ‘random access’ here in RAN1 should be clarified first.

	Samsung
	Y
	Agree.

	CMCC
	Y
	We support random access procedure in A-IoT system is used for inventory process. We think collision detection and/or avoidance should also be considered. Similar to what we have in NR and RFID design.

Random access procedure in A-IoT system is used for inventory process, at least including A-IoT collision detection and/or avoidance, device identification, associated response/information to Reader’s request(s). 



	Ericsson
	
	We would prefer the alternative proposal from Continental Automotive (“RA procedure in A-IoT is used for at least A-IoT device identification and associated response/information to Reader’s request(s).”).
Regarding the device identification, since the achievable coverage may depend heavily on the payload size (number of bits) required for the device identifier (plus potential overhead from higher layers), it would be good to ask RAN2, SA2 and SA3 early on for guidance regarding the payload size that needs to be supported (but this question may fit better under 9.4.2.3).

	Huawei, Hisilicon
	
	Is the intention to rule out “command” use cases from the A-IoT random access procedure?
The traffic characteristics of the inventory use case is different from the traffic types for conventional 3GPP technologies, while the capability of Ambient IoT device is also much lower than conventional 3GPP devices. The random access scheme of Ambient IoT should take the above two points into account.
It hasn’t been discussed yet whether there is PRACH for A-IoT yet, so we do not know if there is PHY business beyond the timing relationships between messages for this agenda item.
But the basic principle of this proposal may be ok – though the SID already tells us that inventory and command are the main use cases, we are not sure what happens after the proposal is agreed!

	Nokia/NSB
	Y
	

	Spreadtrum
	Y with comments
	We agree with proposal in principle, but we think the purpose of the Random access should be discussed in RAN2.

	CEWiT
	Y
	

	TCL
	Y
	

	Lenovo
	No
	In SI phase, we can firstly study on common random access step(s) as a baseline with considering each usage scenario for various device types. And then further study on the potential enhancement/step for special usage scenario or device type.

	SONY
	
	Does NOT need seem very aligned with Proposal 2.2.2-1a on random access in 9.4.2.3
We would expect a random access procedure in response to an inventory request. We expect many (i.e. all) devices to respond to the inventory request.

	CATT
	Y/N
	We need to define the RACH steps first for DO-DTT for NR A-IoT without complete referring to RACH procedure in RFID

	OPPO
	OK
	

	InterDigital
	
	Agree with DCM.

	FL2
	Following agreement was made on Wednesday online session
Agreement
From RAN1 perspective, at least when a response is expected from multiple devices that are intended to be identified, an A-IoT contention-based access procedure initiated by the reader is used.



Many contributions mentioned that the design and operation of random access procedures cross layers between RAN1 physical layer and RAN2 MAC layer. Seeking guidance from RAN2 may be necessary. As a first step for random access study in RAN1, it may be good to have some high-level design principle for random access. Based on the contributions, it is observed that most companies share the same views that similar slot-ALOHA based access used in RFID should be considered as starting point. Therefore, following is proposed.  

FL1 High Priority Proposal 4.1-2a: For A-IoT random access procedure, reader triggered, slot-ALOHA based access with Q protocol similar as that defined for ISO 18000-6C UHF RFID should be studied as baseline.
	Company
	Y/N
	Comments

	Qualcomm
	
	We are supportive to consider slotted ALOHA as the baseline. 
However, we are not sure what the definition of “Q protocol” here is and whether we need to make the Q protocol as baseline. We think we should simply start from slotted ALOHA as the baseline.

Regarding the trigger from a reader, we believe we need to discuss the same issue as we mentioned for DL synchronization, i.e., whether the A-IoT devices relies on energy in the storage to receive the trigger command, and if so, whether/how to deal with the fact that the devices has limited energy in the storage and cannot sustain ON to receive the trigger command.
.

	ZTE, Sanechips
	
	This procedure is beneficial and can be deemed as starting point: 
For A-IoT random access procedure, reader triggered, slot-ALOHA based access with Q protocol similar as that defined for ISO 18000-6C UHF RFID should be studied as baseline.
FFS collision arbitrage mechanism 


	LG
	Y
	We are OK with this proposal. In addition, in order to reduce the overall latency, additional collision handling schemes can be further studied for the case where multiple tags may select same slot number counter.

	vivo
	Y
	Slot-ALOHA procedure has been used in RFID for inventory, thus can be considered as the baseline for study

	China Telecom
	Y
	

	Wiliot
	
	We agree with Qualcomm, support slotted Aloha. We suggest that any device with energy storage (unlike ISO 18000-6C UHF RFID) may benefit from other protocols with significant gains over the basic Q protocol.

	Panasonic
	Y
	

	Continental Automotive
	
	We echo Qualcomm’s comment that we can start from slotted ALOHA as baseline. 

	FUTUREWEI
	
	We also are supportive to consider slotted ALOHA as the baseline. We do not need to use the Q protocol as a baseline

	xiaomi
	Y
	The enhancements based on this slot-ALOHA based access with Q protocol can be further discussed in RAN1 to provide more efficiency for Query.

	DCM
	N
	Whether this should be baseline or not is unclear for us. We are fine to study this further, without saying ‘as baseline’ and with adding ‘other mechanism can also be studied’.

	Samsung
	N
	This proposal “Q protocol similar as that defined for ISO 18000-6C UHF RFID” is very specific. RAN1 needs further discussion. Also, better not to specifically reference a non-3GPP technology. 

	CMCC
	Y
	We are OK to start from slotted-ALOHA mechanism. 

	Ericsson
	
	At this early stage, we would prefer the following revision:
For A-IoT random access procedure, at least reader triggered, slot-ALOHA based access with Q protocol similar as that defined for ISO 18000-6C UHF RFID should be studied as baseline.

	Huawei, Hisilicon
	Y
	A basic constraint should be to model random access as slotted ALOHA scheme, with enhancements over schemes known to the industry.
The slotted ALOHA scheme in UHF RFID can be a good reference for the random access design of Ambient IoT.

	MediaTek
	
	Agree to study slot-ALOHA as a baseline but remove details such as Q protocol and ISO 18000-6C.

	Nokia/NSB
	
	We also think slotted ALOHA can be a baseline. Further detailed feature could be further considered and discussed based on slotted ALOHA technique.

	Spreadtrum
	Y
	We also support to consider slotted ALOHA as a baseline. 

	TCL
	Y
	We are OK to use slot-ALOHA based access as a baseline to study

	Lenovo
	No
	For the slot-ALOHA based access with Q protocol, when the reader misestimates the number of A-IoT device, it causes the potential collision (small Q value) or unwanted delay (large Q value). In addition, the reader also doesn’t know the state of each A-IoT device, i.e., whether the A-IoT device is in the state of monitoring. So multi-step (4-step or 2-step) random access procedure should be studied as a baseline and FFS the potential enhancement.
Also we should consider whether has common design for the BS and intermediate UE.

	SONY
	
	We can assume slot-ALOHA as a baseline, but need not assume RFID as a baseline. 
We should also allow for frequency division multiplexing / frequency shifting in the random access procedure. 

	CATT
	No
	Slot aloha is one of the multiple access protocols for collision avoidance.  Other collision avoidance protocol should be considered.    

	OPPO
	
	The slotted-ALOHA can be used as a starting point. Similar to others, not quite sure if the Q protocol should be the baseline.

	InterDigital
	
	Agree with rewording by Ericsson.

	FL2
	Following agreement was made on Wednesday online session
Agreement
For A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied.



[8], [15], [6], [18], [13], [16], [22], [23], [34], [5], [14], [26] proposed for rUC4 (indoor command) and/or rUC1 (indoor inventory) use cases, a device specific triggering/scheduling command to the device which have been previously identified is also needed for A-IoT system for faster communication. 
Note: Some companies call this procedure performs like NR contention free random access; while some companies consider this procedure performs like normal NR UE-specific scheduling and discussed/proposed in scheduling/timing section. The procedure can be simplified as following (take contention free random access as an example): 
· Msg0 (Reader->Device): Device receives a command   
· Msg1 (Device->Reader): Device transmits response for the command 
· Msg2(Reader->Device): Device receives an acknowledgement for the response 

It is not clear at the time being whether there is any difference between the “NR contention free random access” and “normal NR UE-specific scheduling” for Reader to communicate/trigger one already identified device. But the common part is to allow a downlink command can trigger one identified device to execute the command or participant the inventory. Based on above, following is proposed: 
FL1 High Priority Proposal 4.1-3a: For A-IoT rUC4 (indoor command) and/or rUC1 (indoor inventory) use cases, a downlink command that can schedule a target A-IOT device or a group of A-IoT devices is needed.
	Company
	Y/N
	Comments

	Qualcomm
	
	We agree the A-IoT command and inventory should be triggered by reader/downlink. However, we are not sure “schedule” is a right term here. 
We suggest For A-IoT rUC4 (indoor command) and/or rUC1 (indoor inventory) use cases, the procedure between a reader and a downlink command that can schedule a target A-IOT device or a group of A-IoT devices is triggered by the reader using downlink transmission needed.

	ZTE, Sanechips
	
	The mechanism that “a downlink command that can schedule AIoT device/device group” should be clarified.
This downlink command scheduling seems not related to initial access but rather actual service flow after a device already succeeded in random access procedure with the reader. Moreover, for indoor inventory, if we would like to have a downlink command scheduling a group of A-IoT devices, we need to firstly get to know the detailed scheduling details, i.e. how the group of A-IoT devices can be scheduled in a way that the inventory takes place sequentially without contention. 

	LG
	Y
	Two different RACH procedures (e.g., CBRA and CFRA in NR) can be studied in A-IoT system.

	vivo
	Y
	We are ok with QC’s modification.

	China Telecom
	
	The word ‘schedule’ is not proper since the A-IoT device has not been known by gNB in such stage and cannot perform a ‘scheduling’ behavior.

	Wiliot
	
	Agree with Qualcomm

	Panasonic
	Y
	Ok with QC’s modification.

	Continental Automotive
	
	We support the proposal.

	xiaomi
	Y with comments
	However, the usage of msg2 may need to be further clarified since HARQ-ACK is precluded by the SID.

	DCM
	Y
	As commented by other companies, it may be better to update ‘schedule’ to another word.

	Samsung
	-
	This may be true but needs some discussions first.

	CMCC
	Y
	We are OK with Qualcomm’s revision.

	Ericsson
	
	We prefer Qualcomm’s revision.

	Huawei, Hisilicon
	
	It is reasonable to assume that a downlink command can assign a single device or multiple devices to perform random access. But we would prefer to clarify,
(1) The downlink command does not necessarily mean PHY DL channel or signal here at this stage.
(2) We prefer using multiple than group at this stage
The suggested change is as follows
Proposal 4.1-3a: For A-IoT rUC4 (indoor command) and/or rUC1 (indoor inventory) use cases, a downlink command message that can schedule a target A-IOoT device or a group of multiple A-IoT devices is needed.

	MediaTek
	
	In high level, we agree that both reader communicating to a specific tag, and reader communicating to multiple tags should be considered.

	Nokia/NSB
	Y
	Generally okay. A minor preference is that we prefer to say “can activate” than “can schedule.”

	Spreadtrum
	Y
	We are also fine with HW’s modification.

	CEWiT
	Y
	We are fine with QC’s wordings.

	TCL
	
	We are ok with HW’s revision.

	Lenovo 
	
	We are not sure whether ‘a group of A-IoT devices’ means a potential grouping procedure is needed or a group ID information is (pre)configured in advanced before the random access procedure. We suggest to update the proposal:
For A-IoT rUC4 (indoor command) and/or rUC1 (indoor inventory) use cases, a downlink command that can schedule a target A-IOT device or multiple A-IoT devices is needed.


	SONY
	
	We are OK with the update from Qualcomm. We also need to consider that the response from the device can either be grant-based or grant-free.

	CATT
	Y
	The scheduling of carrier wave resource for UL response should be supported.

	OPPO
	
	Ok with QC’s modification.

	InterDigital
	
	Prefer QC modification



For multiple-step random access procedure for A-IoT inventory, most companies proposed similar procedure defined in ISO 18000-6C UHF RFID inventory procedure, like following:
· [bookmark: _Hlk159334215]Msg0 (Reader->Device): Device receives an inventory command (e.g., similar as Query with/without Select in RFID)
· Msg1 (Device->Reader): Device transmits of a random identifier (e.g., similar as RN16 in RFID)
· Msg2 (Reader->Device): Device receives an acknowledgement of the random identifier (e.g., similar as ACK in RFID)
· Msg3 (Device->Reader): Device transmits a device identifier (e.g., similar as PC/XPC, EPC in RFID) 
· Msg4 (Reader->Device): Device receives an acknowledgement of the device identifier   

A few companies, [8], [36], [13] propose to consider the random access procedure for A-IoT inventory can be studied based on NR 2-step random access procedure, like following:
· Msg0 (Reader->Device): receiving an inventory command (e.g., similar as Query with Select in RFID)
· Msg1 (Device->Reader): transmitting a random identifier and a device identifier (e.g., similar as RN16 and PC/XPC) 
· Msg4 (Reader->Device): receiving an acknowledgement of the device identifier
 
Based on above, following proposal can be considered: 
FL1 Medium Priority Proposal 4.1-4a: at least following 4-step random access procedure, similar inventory procedure as defined in ISO 18000-6C UHF RFID specification can be studied as baseline for A-IoT inventory. 
· Msg0 (Reader->Device): Device receives an inventory command (e.g., similar as Query in RFID)
· Msg1 (Device->Reader): Device transmits of a random identifier (e.g., similar as RN16 in RFID)
· Msg2 (Reader->Device): Device receives an acknowledgement of the random identifier (e.g., similar as ACK in RFID)
· [bookmark: _Hlk159345697]Msg3 (Device->Reader): Device transmits a device identifier (e.g., similar as PC/XPC, EPC in RFID) 
· Msg4 (Reader->Device): Device receives an acknowledgement of the device identifier   
	Company
	Y/N
	Comments

	Qualcomm
	
	The proposal has 5 steps. We are basically fine to study the 5 step procedure proposed above. However, we do not think it is necessary to make it baseline for now. Suggest to delete “as baseline” from the main text.
As we input in Section 3.3, it is important to consider the limitation of energy storage. The inventory command may not fall in the ON duration of all the target devices for inventory. We suggest to add “FFS whether/how to address the limitation of device energy storage for the random access procedure”.

	ZTE, Sanechips
	
	The msg flows seem more related to RAN2 expertise, what RAN1 should focus on for this procedure should be the resource allocation for synchronization or the potential reaction to synchronization. Collision arbitrage also needs to be taken into account in RAN1.

	LG
	Y
	

	vivo
	Y
	A typo in main bullet as QC mentioned, should be 5 step. 

	China Telecom
	
	It seems more like a RAN2 work, and the corresponding design of RAN1 should focus on T/F resource allocation, DL command design, collision solution, etc.

	Wiliot
	
	Agree with Qualcomm. Energy storage was not used for RFID, so 5 steps may not be required here.

	Panasonic
	Y
	

	FUTUREWEI
	
	We are okay to study but the message flow is RAN2 related

	xiaomi
	Y with comments
	The motivation to introduce Msg4 should be clarified, and how to define the contents of this signal.

	DCM
	
	This proposal seems to be RAN2 matter, not RAN1 matter.

	Samsung
	N
	Similar comment as before. This is very specifically referencing a competing non-3GPP technology. We need to describe in our own words after further discussion in RAN1. Please remove “similar inventory procedure as defined in ISO 18000-6C UHF RFID specification” and remove all the examples referencing RFID.
At very beginning, we think it may be also better to review NR RACH procedure first, other than start from some non-3GPP design. For example, whether Msg 1 transmit a random identifier or select from a pre-defined pool can be FFS, as well as in other message. 

	CMCC
	Y
	In principle fine. However, we also need to be discussed with RAN2.
For msg3, it could be broader than only transmit identifier. We are open to discuss to include some other information.
For msg4, it could be further discussed whether an acknowledgement is always needed. For example, ACK can be avoided by default. Only NACK is transmitted.
It may be too detail for now to discuss these aspects. But more general description of the procedure would be better. Some ideas in our mind is as follows,

At least following 4-step random access procedure, the following inventory procedure can be studied as baseline for A-IoT inventory.
· Msg0 (R2D): Device receives an inventory command 
· Msg1 (D2R): Device transmits of a device specific identifier 
· Msg2 (R2D): Device receives an acknowledgement of the device specific identifier
· Msg3 (D2R): Device transmits UL data (such as device identifier)
· Msg4 (R2D): acknowledgement to device if necessary.   



	Ericsson
	N
	We agree with Samsung’s comments. Also, as expressed by other companies, the message flow needs to be studied in RAN2.

	Huawei, Hisilicon
	
	Referring our comments to Proposal 4.1-2a, the framed slotted ALOHA scheme in UHF RFID can be a good reference for Ambient IoT at this stage. The detailed procedure may up to RAN2 study – which would also help balance WG workload.
That would make RAN1’s main work the definition of timing relationships during the procedure, in a later meeting.

	Nokia/NSB
	Y
	OK. We would suggest to assume the A-IoT device is on during the procedure in a baseline.

	Spreadtrum
	
	We are fine with the flow but it is better to discuss it in RAN2.

	CEWiT
	
	Contention resolution related step should also be considered in the procedure

	Lenovo
	No
	We don’t know whether 4-step random access procedure is necessary for each usage scenario and various device types. So we suggest firstly study on common random access step(s) as a baseline with considering each usage scenario for various device types. And then further study on the potential enhancement/step for special usage scenario or device type.
We should also consider whether has common design for the BS and intermediate UE.

	SONY
	
	RAN2 should be involved in this. We shouldn’t refer to RFID in proposals or agreements.

	CATT
	No
	We can use the 4-step procedure as the reference but not exactly since we have more applications to support other than RFID

	OPPO
	
	We understand the split / discussion to be handled by RAN1 and RAN2 discussion on RA is tricky. We are generally OK to use the proposed procedure as a starting point for discussion/study. We suggest to modify the proposal as followed.
Proposal 4.1-4a: at least The following 4-step random access procedure, similar inventory procedure as defined in ISO 18000-6C UHF RFID specification can be studied as baseline is used as a starting point for further study for A-IoT inventory. Other random access mechanism(s) are not precluded (e.g., a simplified 2-step, shortened steps, etc).
· Msg0 (Reader->Device): Device receives an inventory command (e.g., similar as Query in RFID)
· Msg1 (Device->Reader): Device transmits of a random identifier (e.g., similar as RN16 in RFID)
· Msg2 (Reader->Device): Device receives an acknowledgement of the random identifier (e.g., similar as ACK in RFID)
· Msg3 (Device->Reader): Device transmits a device identifier (e.g., similar as PC/XPC, EPC in RFID) 
· Msg4 (Reader->Device): Device receives an acknowledgement of the device identifier

	InterDigital
	N
	Agree with Samsung and Ericsson.




FL1 High Priority Question 4.1-5a: For A-IoT random access procedure, any good suggestion on the work split between RAN1 and RAN2? For example, 
· For the detailed random access procedure, should RAN1 or RAN2 lead the discussion for each step? 
· The states (e.g. like states defined in ISO 18000-6C UHF RFID including Ready, Arbitrate, Reply, Acknowledge, Open, Secured and Killed) and state transitions if any needed for A-IoT device, should it be discussed in RAN1 or RAN2?   
	Company
	Comments

	Qualcomm
	For the first bullet, we are open to either option.
For the second bullet, we think these states cannot be discussed in RAN1.

	ZTE, Sanechips
	RAN1 shall focus on aspects mentioned in the previous question, though the states themselves are of RAN2 expertise, the detailed collision arbitrage mechanism and the resource dedication, physical channel and transmission mechanism design should be in RAN expertise. 

	LG
	Studying states and/or state transmissions might be discussed in RAN2 since it seems to be a higher layer signaling. At lease the procedure for determining the timing of msg1 transmission (e.g., based on slotted ALOHA) should be discussed in RAN1. We can also discuss enhancements on later steps from RAN1 perspective, and send LS to RAN2 if needed.

	vivo
	For RAN1, we can study on channel for random access including the possibility of enabling multiple access to improve the access efficiency and A-IoT device behaviour for each step after receiving the DL signal including the DL signal contents, container, etc, similar as NR random access specified in TS 38.213. 
The function/procedure of random access as well as the potential A-IoT state transitions can be up to RAN2.

	China Telecom
	Similar option to the previous question.

	Continental Automotive
	We believe the first bullet should be led by RAN1, but the second bullet should be discussed in RAN2 (if required, after RAN1 study).

	FUTUREWEI
	The signaling protocol is generally in the scope of RAN2. If there are states, that should also be discussed in RAN2.

	xiaomi
	RAN1 lead the steps of random access;
RAN2 lead the discussion of the states.

	DCM
	RAN2 should determine high-level principle. Based on that, RAN1 can discuss required aspects from physical layer perspective.

	Samsung
	It can be discussed in RAN1. Specifically, A-IoT design requires considerations on limited device capability and non-conventional communication modes, which we believe that the expertise reside in RAN1. 
Also, similar comment as before. Please remove referencing RFID.


	CMCC
	We start from RAN1 discussion. And let RAN2 to review after that.

	Ericsson
	As commented by other companies, we think that some aspects of the first bullet (e.g., how to enable efficient multiple access in the physical layer) can be studied in RAN1, but not the second bullet.

	Huawei, Hisilicon
	RAN1 can focus on the (non-)necessity of PRACH for Ambient IoT, since that is the Physical channel, and then define the timing relationships to manage the procedure that RAN2 define.
Especially considering the target use cases of inventory and command in Rel-19 as well as the constrain of extreme low power consumption Device. The steps in Question 4.1-4a should be studied in RAN2.
The states in the second bullet are out of the scope of RAN1. It could even be SA2 effort on deciding such message and transitions.

	Nokia/NSB
	For the first bullet, either way is okay for us, but the second bullet needs to be led by RAN2 in our view. 

	Spreadtrum
	For the first bullet, the high level principle should be led by RAN2. RAN1 discuss the physical channel related aspects.
For the second bullet, it should not be discussed in RAN1, RAN2 should decide whether/how to discuss the states and state transitions if any needed for A-IoT device.

	Lenovo
	We prefer to RAN1 lead it. 

	SONY
	Random access procedure can be discussed by RAN1 and RAN2.
States should be discussed in RAN2.

	CATT
	RAN2’s work.

	OPPO
	No strong view on how the work on RA should be split between RAN1 and RAN2.
But the “device states” in the second bullet, it is unclear why they are needed. Our preference is not to discuss these device states.

	Philips
	We have sympathy on Huawei’s view.




4.2	Enhancements for random access procedure for A-IoT   
Enhancement#1: enable multiplexing multiple A-IoT devices during one random access procedure to improve inventory efficiency and  
· [8], [2], [11], [18], [24], [12], [36], [13], [22], [34] proposed to study TDM, FDM of multiple devices within the same query slot. 
· [5] proposed to consider the feasibility of using a binary orthogonal sequence such as Golay sequence.
· [13] proposed to study Orthogonal preamble, Orthogonal/non-orthogonal UL data for multiple access
· [4] express that the performance of CDMA which relies on fine timing and frequency synchronization is not possible for backs11ered device.
Give above, following proposal can be considered. 
FL1 Low Priority Proposal 4.2-1a: To improve inventory efficiency, at least TDM and FDM of multiple tags within the same Query slot can be further studied. 
· FFS CDM
	Company
	Y/N
	Comments

	Qualcomm
	Y
	The random access procedure should target enabling inventory of ~100 devices in ~1sec. We think improvement is important. 
BTW, “Query slot” is not well defined. Suggest to revise to “simultaneously”.

	ZTE, Sanechips
	N
	We had better focus on TDM firstly and try to make it complete

	LG
	Y
	TDMed and/or FDMed msg1 transmissions can reduce the latency of RACH procedure in A-IoT system.

	vivo
	Y
	Agree with the intention for studying multiple TAGs to access simultaneously, but the wording somehow is not very clear.
To improve inventory efficiency, at least TDM and FDM of multiple A-IoT devices simultaneously during the random access procedure can be further studied.

	Wiliot
	Y
	A more efficient inventory is one of the main values for defining AIoT. 

	FUTUREWEI1
	N
	The notion of Query slot is unclear.
It may be important to understand the procedure and protocol in TDM first. Then make improvements if there are any bottlenecks.

	xiaomi
	N
	This discussion should be postponed, for FDM, whether the frequency shift can be supported is not clear; and since A-IOT is more like an a-sync system, TDM is also difficult to be achieved in one ALOHA slot.

	DCM
	
	This discussion should be done after clarifying the previous questions for random access.

	Samsung 
	Y
	Agree in high-level. TDM may be prioritized. Also, there is no clear definition on Query slot, which should be clarified first. 

	CMCC
	Y
	We support

	Ericsson
	N
	We prefer Vivo’s revision.

	Huawei, Hisilicon
	Y
	This is OK, but probably RAN2 can go first here since it would have enough RAN2 impacts to check.

	Nokia/NSB
	Y
	We are okay, but we prefer to mention “within the same slot” rather than the query slot, which is unclear to us.

	Spreadtrum
	Y
	We support the modification by vivo.

	CEWiT
	Y
	

	Lenovo
	No
	we don’t know whether Q value will be used in random access procedure in this phase.

	SONY
	Y
	

	CATT
	Y
	We also want SDM (spatial domain multiplexing) to be FFS

	OPPO
	Y
	Additionally, we should FFS on CDM.

	InterDigital
	
	Agree that TDM and FDM should be further studied, however “query” is not defined. Suggest using “maximize” instead of “improve”. What is the reference for the “improve”?



Enhancement#2: UL coverage improvement
[2] proposed that the random access design for A-IoT devices may need to use repetitions to improve UL coverage.  

Enhancement#3: Transmit data during random access procedure 
[2] proposed to discuss whether A-IoT devices can support uplink data transmission during the random access procedure similar as NR 2-step RACH and 4-step RACH with small data transmission to achieve the benefits of reducing signalling overhead and improving energy efficiency. 

Enhancement#4: Accommodation for A-IoT device duty-cycle operation
[36] proposed to study how to adapt random access procedure to A-IoT device duty-cycle operation, including Reader sends multiple RA triggers for a given round to address the duty-cycle uncertainty and/or to accommodate time-distributed on-durations distributing the on-durations of different A-IoT devices.  
Considering limited number of companies proposed to study above enhancement#2, #3 and #4, these enhancements are viewed as low priority for this meeting. 
FL1 Low Priority Question 4.2-1a: any enhancements should be treated in this meeting?   
	Company
	Comments

	Qualcomm
	As we input in Section 3.3, there are two flavors of “duty-cycle”. 
The first one is random ON-OFF due to the fact that energy storage is limited and the device cannot sustain ON all the time. The second one is more proactive duty-cycle operation using internal clock to control when to ON and when to sleep, such that reader can acquire the potential ON durations of A-IoT devices.
As we commented earlier, it is important to discuss these two aspects in the context of synchronization and random access frameworks.

	Wiliot
	Since RF energizing can be controlled, it can provide significant gains for random access and can be included. 

	Samsung
	No. Not for the very first meeting. 

	Huawei, Hisilicon
	No. We don’t know what is the baseline for enhancement yet. We can come back to this after RAN2 have progressed a bit.

	Spreadtrum
	We can discuss whether the enhancements is needed in later meeting but not in this meeting.

	SONY
	The issues in [36] need to be considered. AIoT needs to handle devices with intermittent energy availability.



4.3	Other aspects
Design target 
[36] proposed to consider the target of random access (RA) mechanisms is to enable inventory for ~100 devices within ~1s, according to a use case in SA1 (S1-220154). 
In FL’s view, the design target is better to be discussed in the agenda item (AI) 9.4.1.1 of Evaluation assumptions and results, which includes the design target.  
Random access channel 
[36] proposed to study physical layer design of A-IoT random access channel, including whether/how to enable FDM of random access channel for different A-IoT devices, and the design for better collision detection at the reader side.  
[4] proposed that the study assumes no dedicated physical channel or signal for random access. 
[27] proposed that random access that is same as or similar to the conventional random access (i.e., with dedicated physical layer channel/signal such as PRACH) is not defined for A-IoT UE.

FL1 Low Priority Question 4.3-1a: Please feel free to input the comments for above, if any.  
	Company
	Comments

	Qualcomm
	Regarding design target, it is not clear to us then how we can design the random access procedure without particular design target. At least we need a certain target to discuss the procedure.

	China Telecom
	Some encryption mechanism can be considered for the ID information transmission, like the TSMI utilization in legacy NR network

	Ericsson
	We agree with the FL that the design target discussion belongs under 9.4.1.1, but we share Qualcomm’s view that the design targets (for, e.g., latency and capacity) will be very important for the study of suitable solutions for random access and multiple access.

	Huawei, Hisilicon
	While wondering whether PRACH may be discussed in another agenda, we share our view here - no need to support PRACH for A-IoT
- Given the large SFO assumption for A-IoT device we understand no need to define legacy like PRACH to acquire TA, because the TA required by PRACH will be quickly lost due large SFO.
- And legacy PRACH for contention access is also meaningless because orthogonality among different UE cannot be maintained with the assumption of large SFO. 
Thus on-demand preamble will be used for each uplink transmission due to asynchronous system.

	Spreadtrum
	We agree with the FL that the design target discussion belongs under 9.4.1.1.

	SONY
	There needs to be a design target for the random access procedure. It can be discussed in 9.4.1.1, where the latency should be a multi-device latency (latency to receive a response from N devices).



5 Scheduling and timing relationships
5.1 Scheduling and timing relations related aspects 
To facilitate the communication between Reader and A-IoT device, [4], [1], [3], [26], [23], [16], [32], [36], [24], [6], [14], [13], [16], [10], [34] discussed following timing relations/time intervals for an Ambient IoT system: 
· TDL-UL: Between a downlink transmission and the corresponding uplink transmission following it. 
· Proposed by [24], [4], [1], [6], [14], [13], [32], [10], [36], [23], [34], [3], [26], [16]. 
· [3] proposed to specify a maximum time from the end of a received transmission to the start of transmission
· [26] proposed to specify the intervals of processing time required between every two adjacent transmission procedures for AIOT devices
· [16] proposed to study a minimum time gap between MSG0 and MSG1 and a maximum time gap between MSG0 and MSG1
· [5] proposed to specify a predefined fixed timing relationship between the reception timing of the uplink scheduling information and the uplink transmission timing.

· TUL-DL: Between an uplink transmission and the corresponding downlink transmission following it.
· Proposed by [24], [4], [1], [6], [14], [13], [3], [26] 
· [3] proposed to specify a minimum time from the end of a transmission to the start of receiving a transmission
· [26] proposed to specify the intervals of processing time required between every two adjacent transmission procedures for AIOT devices

· TDL-DL: Between two consecutive downlink transmissions to the same A-IoT device.
· Proposed by [ [24], [4], [1], [3], [14], [13], [6], [26], [16]
· [26] proposed to specify the intervals of processing time required between every two adjacent transmission procedures for AIOT devices
· [16] proposed to study a minimum time gap between two consecutive MSG0

· TUL-UL: 	Between two consecutive UL transmissions.
· Proposed by [24], [6], [26] to study the time interval if the large packet is segmented to multiple consecutive PUSCHs 
· [26] proposed to specify the intervals of processing time required between every two adjacent transmission procedures for AIOT devices

· TDL-(UL)-DL: Between two consecutive downlink transmissions, with a potential UL response existing in between
· Proposed by [13] that BS should transmit the second DL signal no earlier than the latency of d4 after end time of the first DL signal, d4≥ d1+tr+d3, as shown in Figure 9 below. Wherein, tr is the transmission time of the possible UL response.


Figure 9 Timing between two DL signals from [13]

On the values for above time intervals, all companies agree that it is related to the processing latency of the A-IoT device and/or Reader. In addition, 
· [4] proposed for TDL-UL and TDL-DL, the values from ISO 18000-6C UHF RFID are a reference for further study; and for the value of time intervals related to the processing latency of the BS, such as TUL-DL, the impact on the existing BS implementation should be included in the study. 
· [8], [6], [34] proposed that multiple values can be considered for to accommodate the different DL/UL packet size and/or DL/UL traffic types (e.g. DT or DO-DTT) or command/inventory types (e.g., group common inventory (group common/broadcast command) or dedicated inventory (dedicated command)), simiar as the immediate or delayed reply time defined in ISO 18000-6C UHF RFID.
· [36] proposed to study if it is possible to enable shorter ambiguity of processing time compared to UHF RFID
· [8] proposed to clarify whether scheduling restriction exists for gNB/intermediate UE, for example, due to pipeline-based processing, the gNB/UE may not be able to make scheduling decision quite frequently  
· [36], [9] proposed to study if the timelines are common or different for different topologies
· [9], [36], [22], [29] proposed to study if the timelines are common or different for all the device types.

Based on above, following proposals can be considered. 
FL1 High Priority Proposal 5.1-1a: Study A-IoT scheduling and timing with necessary processing time from at least following aspects, and the ISO 18000-6C UHF RFID linking timing can be used as a starting point:
· Processing time is common or different for all A-IoT device types 
· Implementation impacts for the existing BS/UE
· Processing time for different traffic types (e.g. DT or DO-DTT) and/or different use case (e.g., Inventory or Command) 
· FFS: if any other 
	Company
	Y/N
	Comments

	Qualcomm
	N
	We think the bullet points of 5.1-1a can be merged to 5.1-2a. The main text of 5.1-1a is not necessary.
It is not clear to us how the timings defined for ISO 18000-6C UHF RFID linking timing can be used as a starting point without knowing modulation schemes, chip/data rates, coding schemes, etc, for A-IoT.

	ZTE, Sanechips
	Y
	

	LG
	Y
	

	vivo
	Y
	

	China Telecom
	Y
	

	Wiliot
	N
	

	Panasonic
	Y
	

	Continental Automotive
	
	We echo Qualcomm’s comment and feel that reference to ISO 18000-6C UHF RFID should not be included at this stage.

	FUTUREWEI
	
	The main clause is not necessary. The three bullets are appropriate and related to next proposal

	Xiaomi 
	Y
	

	DCM
	N
	We are not sure why processing time should be discussed first. High-level concept of scheduling should be discussed first.

	Samsung
	-
	The proposal can be kept high-level at this stage such as “Study A-IoT scheduling and timing with necessary processing time” 
Also, please remove “the ISO 18000-6C UHF RFID linking timing can be used as a starting point”


	CMCC
	Y
	[bookmark: OLE_LINK7]Support the proposal. Similar to RFID, different timing can be defined for different commands considering the time consumes to execute a command.
We propose to clarify whether the practical scheduling restrictions needs to be considered when we make designs. In practice deployment, gNB may have some restrictions of the scheduling timeline (pipeline), e.g., the gNB cannot make scheduling decision quite frequently. For example, gNB makes scheduling decision every scheduling decision window (e.g., several ms, 5ms/10ms/…) in a periodical way. This will bring some additional delay to the processing time.
And also if enhancements for random access procedure discussed in section 4.2 is introduced, for example, TDM for different tags, tags may need to wait until a predetermined time after it completes processing the command.

	Ericsson
	Y
	It is important to at least discuss the processing time for each device category. 

	Huawei, Hisilicon
	Comments
	The timing relationship in ISO 180006C UHF RFID can be as basic reference for Ambient IoT, while the implementation impacts on existing BS / UE also need to be considered so that changes are likely to be needed.
From the view of achieving a harmonized design, common processing time is expected between Ambient IoT devices with different power consumption and implementation architectures.
There is no relationship between timing relationship and traffic types / use cases.

	Nokia/NSB
	
	It is unclear the starting point needs to be mentioned here. Other than this, the main bullet and the sub-bullets are okay for a study. The processing time could be different depending on device type, which needs to be considered. 

	Spreadtrum
	Y
	

	CEWiT
	Y
	

	TCL
	Y
	

	Lenovo
	Yes
	

	SONY
	
	The list of bullets are things that we should consider.
We think that the processing time can be different between devices 1 and 2.
We should not be taking RFID as a baseline.

	CATT
	Y
	

	OPPO
	
	We also echo QC’s comments.

	FL2
	Based on the comments, this proposal is merged to the High Priority Proposal 5.1-2a below.



FL1 High Priority Proposal 5.1-2a: For A-IoT scheduling and timing, it is beneficial to define at least the following timing intervals.
· TDL-UL: Time interval between a downlink transmission and the corresponding uplink transmission following it. 
· TUL-DL: Time interval between an uplink transmission and the corresponding downlink transmission following it.
· TDL-DL: Time interval between two consecutive downlink transmissions to the same A-IoT device. 
· FFS other scheduling and timing relations  
	Company
	Y/N
	Comments

	Qualcomm
	Y
	

	ZTE, Sanechips
	Y
	

	LG
	Y
	Multiple timing of UL/DL transmissions (e.g., DL to DL, DL to UL, UL to DL, consecutive DLs/ULs) can be further studied. In addition, it is also desirable to discuss the definition of above time intervals as fixed values to reduce overall latency in A-IoT system.

	vivo
	Y
	

	China Telecom
	Y
	

	Panasonic
	Y
	

	Continental Automotive
	Y
	

	FUTUREWEI
	Y
	

	DCM
	Question
	How to use these parameters is completely open? Or is there any linkage with ISO 18000-6C UHF RFID from scheduling mechanism perspective?

	Samsung
	Y
	Agree.

	CMCC
	Y
	

	Ericsson
	Y
	Is there also a need to define a time interval for energy harvesting? 

	Huawei, Hisilicon
	Y
	We are supportive of this proposal.
Timing relationship is essential to both bound and guarantee sufficient processing time for both Ambient IoT device and BS/intermediate UE. The three intervals are the most basic ones to be considered.
There may be a few details to consider:
TDL-UL: Maximum Time interval…
TUL-DL: Minimum Time interval…
TDL-DL: Minimum Time interval between two consecutive downlink transmissions received byto the same A-IoT device.

	Nokia/NSB
	Y
	

	Spreadtrum
	Y
	Agree with the modification by HW

	CEWiT
	Y
	

	TCL
	Y
	

	Lenovo
	Yes
	

	SONY
	Y
	

	CATT
	Y
	

	OPPO
	Y
	We need to clarify the meaning / purpose of “TDL-DL”. Is this between SS and PDSCH, or between multiple PDSCH, or something else, or this is still keep open?

	InterDigital
	Y
	

	FL2
	Based on the comments, following proposal can be considered:
[bookmark: _Hlk160016831]FL2 High Priority Proposal 5.1-2b: For A-IoT scheduling and timing, it is beneficial to define at least the following timing intervals.
· TDL-UL: Time interval between a downlink transmission and the corresponding uplink transmission following it. 
· TUL-DL: Time interval between an uplink transmission and the corresponding downlink transmission following it.
· TDL-DL: Time interval between two consecutive downlink transmissions to the same A-IoT device. 
· The study of the time intervals should consider at least following aspects 
· Processing time is common or different for all A-IoT device types 
· Implementation impacts for the existing BS/UE
· [ Processing time for different traffic types (e.g. DT or DO-DTT) and/or different use case (e.g., Inventory or Command) ] 
· FFS other scheduling and timing relations  


	Company
	Y/N
	Comments

	China Telecom
	Y
	Agree.

	LG
	Yes
	Agree



[bookmark: _Hlk159530086]5.2 Scheduling related aspects
Scheduling information
Several contributions discussed the scheduling/control information for A-IoT data reception/transmission (like DL assignment and UL grant concept in NR), 
· [4], [14] think no need of the scheduling/control information for PDSCH transmission, and [4] think UL grant can be included in a higher layer message carried by the last PDSCH transmission (hence no PDCCH-like channel is needed). 
· [bookmark: _Hlk159493248][4] For PDSCH transmission, no need to indicate the frequency-domain location for PDSCH since envelope detection used by A-IoT device directly convert the RF signal to baseband. For time-domain resource allocation, downlink preamble indicates the start of the PDSCH, the chip length is indicated by the clock calibration signal and postamble to indicate the end of PDSCH.
· [14] For DL, only DL command like signal in RFID may need to be transmitted, thus there seems to be unnecessary to introduce PDCCH-like signal.
· [5] think that for downlink transmission, the scheduling flexibility is deprioritized for ultra-low complexity design so that many scheduling relevant information can be predefined.
· Other companies generally discussed the scheduling information that may be needed for transmission without explicitly differentiating DL and UL. In detail, the scheduling information can be studied from following:  
· Resource allocation: [27], [6], [22], [23], [26], [11], [34]  
· [27] proposed to consider that signal for synchronization or control signal indicates the resource.
· [22] think that for DO-DTT traffic, the DL command signal can provide some indication of time and / or frequency resources to be used for the DO response
· [26] think that scheduling information in downlink signal can indicate the follow up uplink resources for multiple ambient IoT devices
· [34] think backscattering link frequency (i.e., BLF), DL/UL symbol length can be included in DL synchronization signal or DL payload. In addition, non-contiguous time-domain resources allocated for A-IoT devices can be considered. 
· Payload size or data rate related information such as TBS, modulation, coding, repetition factors etc. can be studied: [6], [17], [10], [8]  
· Timeline related information: [17], [19]
· [17] proposed that the timeline requirement can also be enclosed in a DL command to indicate the next UL transmission occasion for the consideration of extra scheduling flexibility.
· [19] proposed that to consider the scheme on how to indicate the timing of scheduled resource for UL transmission.
· A-IoT device ID: [10] discussed that A-IoT device ID may either be explicitly included or implicitly conveyed in the control command
· Carrier wave related information: [11] discussed that CW used for UL response signals through backscattered/generated signals can be indicated to the specific UE through the scheduling information in the DL interrogation signal
Whether/which scheduling information is needed for PDSCH and PUSCH is also related to other discussions, target peak data rate, TBS, coding, modulation etc. Considering above, following proposal can be considered:   

FL1 Medium Priority Proposal 5.2-1a: To receive a PDSCH or to transmit a PUSCH, study following for A-IoT device considering all device types:  
· How to know the transmission length 
· Whether/How to know the frequency domain resource 
· How to know the TBS
· FFS other necessary information for demodulation the PDSCH

	Company
	Y/N
	Comments

	Qualcomm
	
	For UL/PUSCH, the A-IoT device must be able to know the chip rate and symbol rate.

	LG
	Y
	For the scheduling and timing, we have interest in studying the following aspects as well.
· whether/how to know the device energy storage status

	vivo
	Yes
	For DL/UL, the resource for transmissions/TBS could be related to the packet size and/or traffic type, thus how to convey this information to A-IoT device should be discussed. 

	Wiliot
	
	The number of options for these parameters should be limited, similar to RFID type devices, to allow simple devices.

	FUTUREWEI
	
	There should be two sets of proposals: one for downlink and the other for uplink. There were discussions in other agenda items about delimiters. 

	xiaomi
	
	The transmission length and the TBS may be coupled with each other; 
The frequency domain resource allocation may only be applicable for UL

	DCM
	Y
	

	Samsung
	Y
	Agree in high-level. 

	CMCC
	Y
	The transmission format such as which line code is used, the data rate(like the BLF in RFID) should also be studied.
So the first sub bullet can be modified to,
· How to know the transmission length format, such as modulation, code, data rate.
For frequency domain resource, if frequency shift is introduced or FDM is introduced for uplink, related information may be needed.

	Ericsson
	Y
	These aspects need to be studied.

	Huawei, Hisilicon
	
	For downlink, the end of a transmission can be indicated by terminator, while maybe there is no need to indicate frequency domain resource. If only OOK and no FEC is supported, there is also no need to indicate TBS in the case of terminator being used.
For the frequency domain resource, this information is not required by the device if we assume a TDMA-only system for DL. 

	Nokia/NSB
	Y
	

	Spreadtrum
	Y
	

	CEWiT
	Y
	

	TCL
	
	The information needed for PDSCH and PUSCH is different, it is better to discuss the proposal separately.

	Lenovo
	Yes
	we think how to know the PDSCH is targeted for a device or the PUSCH is targeted for a reader should be considered.

	SONY
	
	This is a non-exhaustive list. We should study at least these issues. We need to also study other necessary information for the transmission of PUSCH:
To receive a PDSCH or to transmit a PUSCH, study at least the following for A-IoT device considering all device types:  
· How to know the transmission length 
· Whether/How to know the frequency domain resource 
· How to know the TBS
· FFS other necessary information for demodulation of the PDSCH
· FFS other necessary information for transmission of the PUSCH




	CATT
	Y/N
	We need to agree whether transmission length would be variable or fix interval 

	OPPO
	OK
	To make the intention of this study clearer, we suggest to modify the proposal bullets to:
· How to know determine and align the transmission length between the reader and A-IoT device
· Whether/How to know determine/derive the frequency domain resource 
· How to know determine and align the TBS between the reader and A-IoT device
· FFS other necessary information for demodulation the PDSCH

	InterDigital
	Y
	

	FL2
	Based on the comments, following proposal can be considered:

FL2 High Priority Proposal 5.2-1b: To receive a PDSCH or to transmit a PUSCH, at least study following for A-IoT device considering all device types:  
· How to determine the transmission length 
· Whether/How to know the frequency domain resource 
· How to know the TBS
· FFS other necessary information for demodulation of the PDSCH
· FFS other necessary information for transmission of the PUSCH


	Company
	Y/N
	Comments

	China Telecom
	
	Based on the agreement achieved yesterday:
Agreement
For ambient IoT devices, at least for R2D data transmission, a physical channel (PR2DCH) is studied,
· System information (if defined) is transmitted on the PR2DCH
· FFS Whether/how control information is transmitted on the PR2DCH
· Note: the naming of PR2DCH is used for the sake of the study

The description should be modified as follows:
To receive a PDSCH  PR2DCH or to transmit a PUSCH [PD2RCH] , at least study following for A-IoT device considering all device types:  
· How to determine the transmission length 
· Whether/How to know the frequency domain resource 
· How to know the TBS
· FFS other necessary information for demodulation of the PDSCH PR2DCH
· FFS other necessary information for transmission of the PUSCH [PD2RCH]


	LG
	Yes with comments
	Agree in principle, and we are OK with China Telecom’s modification. Also, another sub-bullet regarding device energy storage status can be added as below:

To receive a PDSCH  PR2DCH or to transmit a PUSCH [PD2RCH] , at least study following for A-IoT device considering all device types:  
· How to determine the transmission length 
· Whether/How to know the frequency domain resource 
· How to know the TBS
· FFS other necessary information for demodulation of the PDSCH PR2DCH
· FFS other necessary information for transmission of the PUSCH [PD2RCH]
· Whether/How to know the device energy storage status




If scheduling information is needed, some contributions further discussed on how to transmit the scheduling information, e.g. by PDCCH-like signal, PDSCH and/or syncronization signal (Preamble).  
· [27], [4], [14] proposed that a PHY DL control channel that requires blind decoding is not needed or defined for A-IoT. 
· [15] proposed that to support dynamic scheduling, search space for DCI monitoring can be supported. While CORESET may not be needed and the DCI should be transmitted when the power of A-IoT device is higher than a threshold. 
· [8] proposed scheduling/control information can be conveyed by preamble/sync signal
· [10], [22], [14], [8] proposed the scheduling/control information is conveyed by defining control command


Others 
· [8] [6] proposed no periodic system information is broadcast for A-IOT devices.
· [15] [6] discussed that dynamic A-IoT data scheduling should be the baseline and the periodic A-IoT data transmission and reception should be deprioritized.
· [2] proposed that the scheduling and resource mapping for A-IoT should consider the coexistence with the legacy NR/LTE system, for example, by avoiding the collision between A-IoT transmissions and the legacy transmissions of NR SSB.
· [22]proposed that activation of a carrier wave for passive tags is part of the scheduling procedure
· [9] proposed to clarify if it is in the scope of the study that the UE serving as intermediate node can select autonomously the resources to be used for the transmission of the Ambient IoT activation signal and/or Ambient IoT device reception.
· [34] suggested to consider studying whether to provide longer timing (compared to normal UEs) during RACH procedure to ensure UL sync re-adjustment time for the intermediate node 
· [27] discussed some issues related to intermediate UE’s behaviors for Topology 2 with respect to scheduling and timing relationships.
· [27] proposed to discuss relationship b/w a MAC PDU and a data transmission/reception in physical layer. E.g., a MAC PDU is divided into multiple physical layer channels
· [2], [14] suggested that mechanisms, such as a high number of repetitions, can be studied to ensure coverage or robust for A-IoT devices.
· [28] discussed topology selection and switching during random access for Ambient IoT. 
· [25] proposed to discuss a general framework of states for A-IoT devices’ different status and different power levels, including the transition conditions and timing aspects, striving for a harmonized state transition between different A-IoT device types. The triggering conditions for state transition and UE behaviours for each state need to be specified. [15] [24] proposed to study the feasibility of support ‘frequency-shifted’ backs11er signal for High-CAT devices. Above discussion seems more proper to be discussed in AI 9.4.1.2 which is highly related to the device architectures.
· [33] proposed to study at least for high-end A-IoT tags or UL transmission the feasibility of using simple FEC (e.g., Hamming Code) to minimize retransmissions and optimize the efficiency of A-IoT systems. This topic seems more proper to be discussed in AI 9.4.2.1
FL1 Low Priority Question 5.2-2a: Any issues in above should be discussed as high priority for this meeting?
	Company
	Comments

	Samsung
	No.

	Huawei, Hisilicon
	No, let’s keep modest workload in the study.




6 Proposals for Offline 
6.1 Wednesday Offline 
High Priority conclusion 4.1-1b: From RAN1 perspective, at least for inventory, Random access procedure in A-IoT system is used for at least A-IoT device identification.
· [Details for device identification can be decided by RAN2.]

High Priority Proposal 4.1-2b: For A-IoT random access procedure at least for inventory, at least slotted-ALOHA based access should be studied.

 
High Priority Proposal 4.1-3b: For A-IoT rUC4 (indoor command) and/or rUC1 (indoor inventory) use cases, a downlink command that can schedule a target A-IOT device or multiple A-IoT devices is needed.

6.2 Thursday Offline 

Proposal 5.1-2b: For A-IoT scheduling and timing, it is beneficial to define at least the following timing intervals.
· TDL-UL: Time interval between a downlink transmission and the corresponding uplink transmission following it. 
· TUL-DL: Time interval between an uplink transmission and the corresponding downlink transmission following it.
· TDL-DL: Time interval between two consecutive downlink transmissions to the same A-IoT device. 
· The study of the time intervals should consider at least following aspects 
· Processing time is common or different for all A-IoT device types 
· Implementation impacts for the existing BS/UE
· [ Processing time for different traffic types (e.g. DT or DO-DTT) and/or different use case (e.g., Inventory or Command) ] 
· FFS other scheduling and timing relations  


Proposal 5.2-1b: To receive a PDSCH or to transmit a PUSCH, at least study following for A-IoT device considering all device types:  
· How to determine the transmission length 
· Whether/How to know the frequency domain resource 
· How to know the TBS
· FFS other necessary information for demodulation of the PDSCH
· FFS other necessary information for transmission of the PUSCH

Proposal 2.1-2b: For A-IoT device, due to time drift from the high SFO (e.g., up to [105] ppm), the UL transmission may not be aligned with NR symbol or slot boundary.
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Appendix
Appendix A: Study item objectives in RP-224058 
	This study targets a further assessment at RAN WG-level of Ambient IoT, a new 3GPP IoT technology, suitable for deployment in a 3GPP system, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications. The study shall provide clear differentiation, i.e. addressing use cases and scenarios that cannot otherwise be fulfilled based on existing 3GPP LPWA IoT technology e.g. NB-IoT including with reduced peak Tx power.
General Scope
The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:
A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. [bookmark: _Hlk159428360]~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backs11ered on a carrier wave provided externally.
ii. [bookmark: _Hlk159435101] a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backs11ered on a carrier wave provided externally.
· X is to be decided in WGs.
· [bookmark: _Hlk155594205]Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
NOTE 1: It is to be understood that “ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “ a few hundred µW” requirement.

B. Deployment Scenarios with the following characteristics, referenced to the tables in Clause 4.2.2 of TR 38.848:
· Deployment scenario 1 with Topology 1
· Basestation and coexistence characteristics: Micro-cell, co-site
· Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control
· Basestation and coexistence characteristics: Macro-cell, co-site
· The location of intermediate node is indoor
C. FR1 licensed spectrum in FDD.
D. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).
E. [bookmark: _Hlk157581612]Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 
· From RAN#104, the study will assess whether the harmonized air interface design (per bullet ‘A’ above) can address the DO-A (Device-originated autonomous) use case, only to identify which part(s) of the harmonized air interface design (per bullet ‘A’ above) is/are not sufficient for the DO-A use case.
Transmission from Ambient IoT device (including backs11ering when used) can occur at least in UL spectrum.

The following objectives are set, within the General Scope:
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.

2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination (coordination with SA3 is required for privacy aspects).
· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation. 
For Topology 2, no difference in physical layer design from Topology 1.
· RAN2-led:
· Study and decide which functions are needed for an Ambient IoT compact protocol stack and lightweight signalling procedure to enable DO-DTT and DT data transmission, and study those functions.
For example:
· Paging
· Random access
· Data transmission, including necessary radio resource control aspects, respecting the limitation in the General Scope 
· Interactions with upper layers
For functionalities not listed above, they are studied only if found essential.
· RAN3-led:
· Identify necessary impacts on signaling and procedures for CN-RAN interface, to enable:
· Paging  
· Device context management
· Data transport
· Identify RAN architecture aspects, including whether support for split architecture is necessary.
· Identify potential solutions for locating an Ambient IoT device with no specification impact, e.g. reusing existing user location report, or minimal specification impact to convey location information to core network.
· RAN4-led:
· Coexistence study of Ambient IoT and NR/LTE.
· RF requirements study for Ambient IoT:
· Ambient IoT BS transmission and reception
· Ambient IoT Device, as per the General Scope, transmission and reception
· Intermediate node (UE), as per the General Scope, transmission and reception

RAN2 and RAN3 are expected to identify RAN-CN functional split in coordination with SA2.

Note: This study shall target for an IoT segment well below the existing 3GPP IoT technologies, e.g. NB-IoT, eMTC, RedCap, etc. The study shall not aim to replace existing 3GPP LPWA technologies.
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  F ig. 6   Example duty - cycle operations of A - IoT devices  
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  F ig. 8   Best - effort duty - cycle monitoring (BE - DCM)  
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