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[bookmark: foreword][bookmark: scope]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. Previous RAN1 agreements can be found in Appendix A. RANP #103 meeting agreed conclusions and the revised SI objectives can be found in Appendix B and C respectively. 
The issues that are in the focus of this round of the discussion are tagged FL1 High Priority.
Proposals for Online discussion
Tuesday online 
Proposal 3-1-1a: For R2D transmission, if OFDM-based waveform is used, the start of R2D transmission from reader perspective is aligned with the boundary of an NR symbol for in-band/guard-band operation.

Proposal 3-3-1a: Rel-19 A-IoT study does not assume the start and the end of a D2R transmission is aligned with NR symbol or NR slot boundary. 
· FFS whether/how to enable such alignment between the D2R transmission and NR symbol or NR slot boundary. 

Proposal 3-4a: The R2D timing acquisition signal (e.g., R2D preamble) preceding the PRDCH indicates the chip length used for the following PRDCH transmission. 
· This does not mean the chip length of R2D preamble and PRDCH has to be the same.

Proposal 4.1.1-3a: To indicate the end or the length of PRDCH transmission to the A-IoT device, study following options:  
· Option 1: R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.       
· Option 2: Based on Reader’s indication, e.g., by scheduling information transmitted in the PRDCH to indicate or derive the transmission length or the end of the PRDCH.  

Proposal 4.1.2-3a: To indicate the end or the length of PDRCH transmission, study following options:  
· Option 1: D2R postamble immediately follows the PDRCH to indicate the end of the PDRCH.
· Option 2: Based on Reader’s indication, e.g., by scheduling information transmitted in the PRDCH to indicate or derive the transmission length or the end of the PDRCH.

Proposal 4.1.2-2a: For D2R transmission, study the necessity of midamble, considering at least the following: 
· Modulation and Coding schemes, e.g., data modulation, line/channel coding 
· Receiving methods, e.g., coherent or non-coherent
· D2R transmission length/packet size
· Midamble overhead
· Performance benefits

Proposal 6.2-2a: Scheduling information of a PDRCH transmission is provided by a corresponding PRDCH.

Proposal 5.1-2a: From RAN1 perspective, when a response is expected from a single A-IoT device that is already identified by the reader and the reader does not request the device to report its identifier, study following procedure initiated by the reader:
· Step 1: R2D transmission including command to an identified A-IoT device
· Step 2: D2R transmission including a response to the reader

Time domain frame structure for A-IoT
For A-IoT device frame structure in time domain, following are discussed in the submitted contributions in AI 9.4.2.2.   
For R2D transmission 
Issue#3-1: Whether to align the R2D transmission with NR symbol boundary 
[1], [2], [4], [5], [6], [8], [9], [11], [14], [17], [18], [22], [25], [27], [29], [32]: Yes, if the R2D transmission waveform is OFDM-based waveform. 
Based on above, following proposal can be considered:
FL1 High Priority Proposal 3-1: Agree following conclusion
Conclusion: For R2D transmission, if OFDM-based waveform is used, the start and end of R2D transmission is aligned with the boundary of an NR symbol for in-band/guard-band operation.
	Company
	Y/N
	Comments

	xiaomi
	Y
	

	Qualcomm
	
	We have agreed to study OFDM based OOK-1/4 as R2D waveform. As long as the value M of OOK-1/4 is a non-zero positive integer, it seems OFDM symbol boundary alignment is already achievable. So we wonder if a new conclusion is necessary on this.

	vivo
	Y
	Agree with FL’s view. 

	ETRI
	Y
	Agree with the proposal.

	Sharp
	
	In general fine, but the symbol with boundary aligned with the start of a R2D transmission is not necessarily the same symbol with boundary aligned with the end of the R2D transmission. 

	TCL
	Y
	

	DCM
	Y
	

	InterDigital
	Y
	

	LG
	Y
	

	Lenovo
	Yes
	For in-band/guard-band operation, symbol alignment with NR system is needed for R2D transmission.

	FUTUREWEI
	
	This is an observation, not a conclusion. We agree with the observation.

	ZTE, Sanechips
	
	Agree to align the start of the boundary of an NR symbol for R2D transmission, if OFDM-based waveform is used. However, whether the end of R2D transmission should align with the boundary of an NR symbol need further study.

	Huawei, HiSilicon
	N
	In our view, only the start of the R2D transmission needs to be aligned with the NR symbol boundary. This is to allow easy OFDM generation in legacy BS hardware. Considering the large number of small packets in Ambient IoT communications, the scheduling can be more flexible and efficient when not also forced to align with the end of an NR symbol, which alignment provides no particular benefit to the BS.
The end of the transmission can be indicated by the postamble.

	CEWiT
	Yes
	

	Samsung
	Y
	

	Nokia
	
	We think it is better to capture as an observation such that the alignment between R2D transmission and NR symbol is beneficial from RAN1 perspective.  

	Ericsson
	
	Perhaps we can say ‘at least aligned’.



Issue#3-2: Whether to align the R2D transmission with NR slot boundary 
· [1], [4], [6], [9], [11], [25], [27], [32]: beneficial and feasible to align
· For better resource management, good co-existence and interference handling with NR system, minimize implementation complexity for gNB and UE as reader, and higher inventory efficiency in terms of certain level of ‘slot’ alignment.  
· [19]: The start of a D2R/R2D transmission should be aligned with a frame boundary for receiver to simply detect the transmission; the end of a D2R/R2D transmission may not be necessarily aligned with the frame boundaries.
· [32]: Frame structure is designed for ‘slot’ boundary alignment. Absolute frame/slot index is not defined from A-IoT device perspective.  
· [19], [32]: For the slotted-Aloha to be implemented, it is assumed that the R2D / D2R signals should be aligned with some boundaries. It could be either the 3GPP slot boundaries or finer/coarser. 
· [14], [29]: if R2D is restricted to be always aligned with NR slot boundary, the time gap will be 1ms (for 15KHz SCS) between two QueryRep commands, this will reduce the inventory efficiency, and result in a lot of time resource waste.
· [2]: the start and end of A-IoT R2D transmission is not restricted to be aligned with the boundary of NR slot.
· [9]: it is up to Reader to transmit a R2D transmission that is aligned or not aligned with the NR slot boundary, confined within one or multiple consecutive NR slots.
· [6], [9], [32]: A single R2D transmission/TB (MAC PDU) can be transmitted across multiple slots.
Based on above, following proposal can be considered:
FL1 High Priority Proposal 3-2: Agree following conclusion
Conclusion: For R2D transmission, if OFDM-based waveform is used, it is feasible for the reader to align the start and/or the end of R2D transmission with the boundary of an NR slot for in-band/guard-band operation. It is up to reader to decide whether to align the start and/or the end of R2D transmission with the NR slot boundary.      
	Company
	Y/N
	Comments

	xiaomi
	N
	We think this conclusion is not needed.

	Qualcomm
	
	Same comment as for Proposal 3-1.

	vivo
	Y
	Agree with FL’s view

	ETRI
	Y
	

	TCL
	Y
	

	DCM
	N
	Whole A-IoT design should be made based on the slot boundary alignment, so we should not agree ‘up to reader’.

	Panasonic
	Y
	

	InterDigital
	Y
	

	LG
	Y
	

	Lenovo
	N
	

	FUTUREWEI
	
	We think this should be an observation, not a conclusion. We agree with this observation.

	ZTE, Sanechips
	
	Y

	Huawei, HiSilicon
	N
	It is not a question of what is feasible, but rather what is necessary to support.
We do not see why the reader has to align the R2D transmission with the NR slot. This would result in wastage of resources, since a small packet would take up 4-6 OFDM symbols, while the remaining symbols would go unused. For example, assuming a 24-bit data message with 6 bits CRC, if the number of chips M = 12, with a 2 PRB BW, it would mean that 6 bits can be transmitted per OFDM symbol. If we use the NR slot, only (24+6)/6 = 5 OFDM symbols are required for this transmission, while the remaining symbols would be unused, resulting in low resource efficiency.
Another issue is the latency and waiting time. If the NR slot boundary is used, the reader would have to wait until the slot boundary to be able to transmit R2D. Given that we have a lot of small packets during the access procedure, it does not make sense for the reader to wait until the slot boundary for R2D transmissions.  

	CEWiT
	Y
	

	Samsung
	Y
	

	Nokia
	N
	We have a similar comment above. In addition, we don’t understand why the reader should align the timing. In case the reader is different than a transmission node sending signals to AIoT device, we are not sure if it is still valid. We think an observation would be enough as we commented above.

	China Unicom
	
	Considering the compatibility, the start of R2D transmission should be aligned with the NR slot boundary. But the end of R2D transmission need to refer to the data size.

	Ericsson
	Y
	



For D2R transmission 
Issue#3-3: Whether to align the D2R transmission with NR symbol and/or symbol boundary 
[2], [4], [5], [6], [9], [14], [17], [22], [27], [29] discussed that for A-IoT device, due to high timing error/drift, it may be challenging to align the D2R transmission with NR symbol or slot boundary. In addition, 
· [1] proposed to agree following observation: 
· It is still beneficial to align the A-IoT D2R transmission with NR symbol or slot boundary.  
· due to high timing error/drift, the D2R transmission may not be aligned with NR symbol boundary.
· FFS: feasibility of alignment of D2R transmission with NR slot boundary
· [4] proposed to study potential issues such as interference to other reader(s)/UE(s) from non-aligned symbol boundary between NR and D2R transmission
· [19]: The start of a D2R/R2D transmission should be aligned with a frame boundary for receiver to simply detect the transmission; the end of a D2R/R2D transmission may not be necessarily aligned with the frame boundaries.
· [25], [32] also proposed to study the feasibility or design to allow alignment of D2R transmission with ‘slot’ boundary. Absolute frame/slot index is not defined from A-IoT device perspective.  
· [19], [32]: For the slotted-Aloha to be implemented, it is assumed that the R2D / D2R signals should be aligned with some boundaries. It could be either the 3GPP slot boundaries or finer/coarser. 
· [6], [9], [32]: A single R2D transmission/TB (MAC PDU) can be transmitted across multiple slots.
[9], [14], [16], [19] express that an AIoT device does not need to apply or maintain a timing advance.
From above, it seems most companies agree that for D2R transmission, it is difficult to align the transmission with NR symbol boundary. For NR slot boundary alignment, it may be still beneficial for the reader to know or decide the D2R transmission to be aligned with or confined within “some boundaries” for better resource management, co-existence etc. Therefore, following proposal can be considered. 
FL1 High Priority Proposal 3-3: For A-IoT device, due to time drift from the high SFO (e.g., up to [105] ppm), a D2R transmission is not required to be aligned with NR symbol or NR slot boundary. 
· a D2R transmission confined within one or more than one NR slot should be under reader’s control.   
	Company
	Y/N
	Comments

	xiaomi
	Y
	

	Qualcomm
	
	It is better to clarify whether the discussion is from transmitter perspective or receiver perspective. We assume this is from transmitter perspective.
We are fine to consider that a D2R transmission is not required to be aligned with NR symbol or NR slot boundary as a baseline for further study. However, we would like to note that this would not be because of SFO. We think SFO is not necessarily same as initial SFO after timing acquisition using R2D timing acquisition signal; it can be smaller. We think the issue we need to consider is whether an A-IoT device is able to acquire OFDM symbol / slot boundary/length/index. If these can be acquired, it could be possible to align symbol/slot with a certain timing error according to residual SFO. If not, the alignment is not possible even if residual SFO = 0.


	vivo
	Y
	Agree with FL’s view

	Sharp
	
	We don’t think an A-IoT device should be required to acquire the NR symbol slot timing. The D2R timing comes from indication of a corresponding R2D transmission.

	TCL
	Y
	

	DCM
	N
	Firstly, details of SFO should be concluded. For example, what SFO value is assumed, whether initial SFO is valid in any timing or SFO can be compensated after timing alignment is achieved until there is no energy at A-IoT device.
In addition, we think that RAN1 should not simply say ‘difficult’. Rather than that, RAN1 firstly focus on how to achieve NR slot/symbol boundary. A-IoT spec can be designed for this purpose. For example, R2D sync signal per slot can be used at least to achieve slot boundary alignment as much as possible.

	Panasonic
	Y
	

	LG
	Y
	

	Lenovo
	
	D2R transmission is not required to be aligned with NR symbol or NR slot boundary. But it is not because of SFO.

	FUTUREWEI
	
	For a proposal, the main bullet can be simplified, and the sub-bullet removed too
For A-IoT device, due to time drift from the high SFO (e.g., up to [105] ppm), a D2R transmission is not required to be aligned with NR symbol or NR slot boundary. 
a D2R transmission confined within one or more than one NR slot should be under reader’s control.

	ZTE, Sanechips
	
	The SFO needs to be discussed in 9.4.1.1/9.4.1.2. The sub-bullet is also redundant.

	Huawei, HiSilicon
	Y
	We agree with the proposal.
With the large SFO up to 105 ppm, it is not possible for Ambient IoT devices to align each transmission to the NR slot of frame boundaries, nor is it possible to align to OFDM symbol boundaries in D2R due to the assumption that single carrier waveforms are used. 

	CEWiT
	
	We agree with the proposal.

	Samsung
	Y
	

	Nokia
	Y
	

	China Unicom
	
	A D2R transmission is not required to be aligned with NR symbol or NR slot boundary. In addition, because of the random time drifts of multiple devices, the reader can not transmit any time-efficient indications.

	Ericsson
	N
	Perhaps at least the start of a transmission can be aligned with an NR border.



Issue#3-4: Chip length/Chip length indication
· [2], [9], [17], [18], [27] proposed that the smallest time unit for resource allocation is defined as chip length. 
· [2], [27] proposed for D2R transmission in Ambient IoT, multiple chip lengths corresponding to the multiple D2R transmission bandwidths are supported. Table 1 in [2] gives an example.
Table 1. Examples of possible chip lengths
	Index
	Transmission bandwidth (double sideband)
	Chip length

	0
	15kHz
	133us

	1
	150kHz
	13.3us

	…
	…
	…

	N
	2.4MHz
	0.83125us



· [14] proposed variable time-domain chip duration that in the range of one microsecond to tens of microseconds is supported for different date rate requirements.       
  Table 1. Downlink chip duration with different downlink waveform generation from [14] 
(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

	.......

	OOK-4, M=23
	322kcps
	3.11
	161kbps

	OOK-4, M=24
	336kcps
	2.98
	168kbps



· [19] proposed the basic A-IoT radio timing granularity can be 10ms. 
· [21] proposed to define at least one time unit to describe and measure the time resource allocated by the reader to a device.
For the chip definition and potential values e.g., M for OOK-4, from FL understanding, it is related to the FFS “FFS: Time domain definition of e.g., chips and relation to OFDM symbols, resource allocation unit, etc.” agreed in AI 9.4.2.1, hence can be discussed in that Agenda. 
About the R2D chip length indication, [2], [5], [9], [14], [31] proposed that R2D preamble preceding the PRDCH indicates the chip length used for the following PRDCH transmission. It seems natural, so, following proposal is made:
FL1 High Priority Proposal 3-4: The R2D preamble preceding the PRDCH indicates the chip length used for the following PRDCH transmission. 
	Company
	Y/N
	Comments

	Wiliot
	N
	We propose the devices are not required to decode many options for chip lengths but at least one. Reader is expected to be able to transmit at several chip lengths. Supported chip lengths can be obtain by reader using the CN or other AIoT services.
Thus no need to signal the chip length to the device.

	xiaomi
	Y
	

	Qualcomm
	
	We are fine with the proposal. Note that our understanding is that this proposal does not necessarily mean chip length of R2D preamble and PRDCH has to be the same.

	vivo
	Y
	Similar to the RFID, preamble of R2D can provide the chip length.

	Sharp
	Y
	

	TCL
	N
	We are fine to support indicating chip length used for PRDCH. However, besides using R2D preamble, other indication should also be studied.

	DCM
	N
	Definition of ‘chip’ should be clarified first.

	InterDigital
	Y
	

	LG
	Y
	

	Lenovo
	
	We need to firstly clarify whether device can decode only one chip length and if that the indicating/indication is not needed. 

	FUTUREWEI
	Y with comment
	Similar understanding that this proposal does not necessarily mean the chip length of R2D preamble and PRDCH has to be the same

	ZTE, Sanechips
	
	The chip length can be indicated in R2D preamble. However, other indication method can also be considered.

	Huawei, HiSilicon
	Y
	We are supportive of this proposal.
The length of one OFDM symbol without CP is 1/SCS in NR and thus one OOK chip length is 1/ (SCS*M), where the OOK chip length is determined from the clock reference signal of the R2D preamble.
We don’t think CN can store useful information for an inventory procedure which contains unknown tags.

	CEWiT
	
	First need to clarify the chip length definition.

	Samsung 
	Y
	

	Nokia
	Y
	We are also okay to add one more sub-bullet to address the definition issue. For example, HW’s comment “one OOK chip length is 1/(SCS*M)” could clarify a chip definition.

	China Unicom
	Y
	

	Ericsson
	
	We prefer to use the term ‘timing acquisition signal’ rather than preamble.
Also, it is possible that a fixed chip length is defined for the first transmission i.e. the preamble need not indicate it. Then, control information may indicate the chip length for the rest of the transmission. So, I suggest adding “may”:
The R2D timing acquisition signal preceding the PRDCH may indicate the chip length used for the following PRDCH transmission.



About the D2R chip length indication or backscattering link frequency (i.e.,) indication, [30] proposed to discuss it and considered that the BLF can be indicated by R2D preamble, or the BLF can be provided via PRDCH payload. Given less input, following question is asked to collect companies’ views.
FL1 Low Priority Question 3-5: How to indicate/determine the D2R chip length?
· Option 1: by R2D preamble
· Option 2: by PRDCH payload
· Option 3: any others? 
	Company
	Y/N
	Comments

	xiaomi
	Y
	Similar to RFID, we think a combination of preamble and PRDCH payload can be used. 

	Qualcomm
	Y
	Both options 1 and 2 (and its combination) should be considered. 

	vivo
	Y
	Option1 is preferred. In RFID systems, the preamble for inventory provides critical information, such as T2R calibration, for subsequent T2R transmissions. Tag can derive the BLF based on the information. Similarly, in AIoT systems, the preamble of the PRDCH can provide the chip length for the following D2R transmissions.

	Sharp
	Y
	

	TCL
	Y
	Option 2 is preferred.

	Panasonic
	Y
	Option 1 or 2

	InterDigital
	Y
	

	LG
	Y
	Whether L1 control/scheduling information is part of the payload in Option 2 is not clear. For clarification, do we intend to exclude the option that D2R chip length is indicated by L1 control/scheduling information or do we assume that L1 control/scheduling information can be part of the payload?

	Lenovo
	
	We should firstly study whether the indication is necessary or not, or the chip length is a default value.

	FUTUREWEI
	Y
	

	ZTE, Sanechips
	Y
	Option 2 is preferred.
We think the D2R chip length can be indicated in R2D control information. And whether in PHY control information or high layer control information can be FFS.

	Huawei, HiSilicon
	
	In our view, the D2R chip length is determined based on the transmission BW, assuming a single-carrier waveform is used for D2R. The following relation can be used for determining the chip length:


	Samsung
	-
	We are open to both Option 1 and Option 2. However, this discussion requires further progress on the details of the preamble design. 

	Nokia
	Y
	We prefer option 2.

	China Unicom
	Y
	Option 1 is plain. Option 2 may lead more problems and disputations in the follow-up.

	Ericsson
	
	Option 3: By PRDCH control information (aligned with 9.4.2.3 discussion)



[16] discussed frequency domain resource for R2D and D2R transmission. In detail, 
· For R2D frequency domain structure, one or a few numbers of PRBs are used for Ambient IoT transmission.
· For D2R 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.
For frequency domain resource size for R2D and D2R transmission, since AI 9.4.2.1 is discussing the transmission bandwidth/occupied bandwidth, it is more efficient to be discussed there.

Synchronization 

4.1 Time domain 
R2D transmission 
4.1.1.1 Preamble
Some companies discussed the R2D preamble design. 
· [2], [5], [13], [14], [18] proposed the R2D preamble can include Delimiter signal with a design of a low voltage signal and R2D timing acquisition signal based on OOK/ASK sequence with line code (e.g., Manchester coding). 
· [11] discussed to define the timing accuracy requirement for preamble design and the design depends on symbol length, waveform and encoding, and synchronization and timing algorithms at A-IoT.
· [23] proposed that long and short preamble formats can be considered to accommodate different use cases and channel/interference conditions.
· [27] proposed predefined binary pattern modulated using the OOK/ASK waveforms can be considered.
· [30] proposed two signal formats (e.g., preamble, frame sync) can be considered for R2D preamble design. 
Based on the guidance, the detailed R2D preamble design should be discussed in AI 9.4.2.3.
In addition, [32] observed that there is no motivation to define a gap between R2D preamble and subsequent R2D transmission(s) and proposed to discuss whether preamble and the subsequent transmission is always contiguous or not. From FL’s understanding, R2D transmission starts with a R2D preamble (without gap) should be the baseline. 
 
0. Midamble
R2D Midamble was proposed for SFO tracking.
· [14] think it can be omitted when the R2D data block is small or if line code is used for R2D sync maintenance propose.
· [2], [8], [9], [13], [30], [31] think the necessity and benefit are not clear in case line coding is used since the chip-level time tracking can be achieved by using the transition(s) in each codeword of the line code for each R2D transmission, and R2D transmission is usually small.
· [33] think it is only necessary to specify the beginning and end of a single signal for successful transmission.
Based on above, following proposal can be considered
FL1 High Priority Proposal 4.1.1-2: For R2D transmission, midamble that used for time tracking is not needed in case line codes e.g., Manchester encoding is used.   
	Company
	Y/N
	Comments

	Wiliot
	N
	We think midamble requirement depends on length and rate of the R2D transmission and thus is too early for decision.

	xiaomi
	
	We also think this too early to decide this aspect.

	Qualcomm
	Y
	

	vivo
	Y
	We agree that it is not necessary to insert a midamble in the R2D transmission for timing acquisition. First, the data size of R2D transmission is typically small. Second, the clock signal provided by the line coding is sufficient for devices to track R2D timing.

	Sharp
	Y
	

	TCL
	Y
	

	DCM
	Y
	

	Panasonic
	Y
	

	InterDigital
	Y
	

	LG
	Y
	

	Lenovo
	
	We also think it is too early to decide it.

	FUTUREWEI
	N
	We should first agree whether a midamble is supported for a R2D transmission before treating this proposal.

	ZTE, Sanechips
	
	We are OK with the proposal. 

	Huawei, HiSilicon
	Y
	We support the proposal.
Due the constraint of extreme low power consumption for device 1, it is not practical for such a device to perform coherent estimation and SFO error adjustment. Thus, inserting a midamble to help R2D timing adjustment is not needed for a device that only can perform non-coherent demodulation. Furthermore, the embedded clock signal in line coding, which will be accurate due to the highly-accurate gNB clock, can help the device to track the symbol-level timing during PRDCH reception, which means that midamble is not necessary.

	CEWiT
	Y
	

	Samsung
	-
	This statement may be true, but the necessity of midamble can be further studied considering additional benefits of midamble and depending on the decision on the coding scheme. For example, if PIE is applied for R2D transmission, it needs to further study the performance of synchronization calibration based on PIE.

	Nokia
	Y
	Okay with the FL proposal.

	China Unicom
	Y
	

	Ericsson
	N
	We think midamble requirement depends on length and rate of the R2D transmission and thus is too early for decision.
In general, perhaps midamble(s) or postamble is needed by the receiver algorithms, but probably not both midamble(s) and postamble.




0. Postamble
For the function of R2D Postamble, all companies providing the views share the same understanding that if R2D postamble is defined, it is used to indicate the end of the PRDCH transmission. In details,
· [2], [8] prefers to use postamble to indicate the end of R2D transmission. 
· [4], [5], [13], [14] think the postamble may be necessary to indicate the end of R2D transmission, but it may not be necessary or can be absence in case the R2D transmission length is fixed for some commands.
· [3], [9], [13], [14], [25], [31], [28], [35] think other option like by a length field or transmission length at the early part of the R2D transmission can be considered to indicate the end of R2D transmission. 
· [8] think postamble can re-use the preamble design and flexibly accommodate appropriate data bits ranging up to 1000 bits. But using control field/length field indication may lead to larger overhead than postamble. 
· [14] think the overhead between postamble and indications of the length in the downlink channels need FFS.
· [9], [31] think the necessity and benefit is questionable since the miss detection and false detection of the postamble would result in device decoding failure and power consumption. 
· [25] propose a study including analysis of the advantages and disadvantages of both methods should be conducted.
· [32] propose to discuss whether/how to indicate end timing of R2D/D2R transmission after discussing frame structure since the explicit indication may not be necessary in the slot-aligned system. 

There may be cases that the payload of PRDCH is fixed for some command, so that the device may not need explicit signal/indication to indicate the transmission length/end of PRDCH. For the case that device needs to know the transmission length or the end of PRDCH, following proposal can be considered:   
FL1 High Priority Proposal 4.1.1-3: To indicate the end or the length of PRDCH transmission to the A-IoT device, study following options:  
· Option 1: R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.       
· Option 2: Based on Reader’s indication, e.g., by scheduling information transmitted in the PRDCH to indicate or derive the transmission length or the end of the PRDCH.  
	Company
	Y/N
	Comments

	xiaomi
	Y
	

	Qualcomm
	Y
	

	New H3C
	Y
	

	vivo
	Y
	We are ok with the direction for further study, but we would like ask for clarifications for the advantages/benefits of option1. If postamble is used for indicating the end of transmissions, it may introduce significant challenges:
· Miss-detection of postamble: May lead the devices side to erroneously continue the reception, causing decoding errors and increased power consumption.
· Incorrect data interpretation: Mistaking actual data for a postamble could stop the reception at the device, leading to data loss.
In addition, option1 may incur additional processing latency as it is not possible for device to decode the R2D transmission before receiving the postamble. In contrast, Option 2 appears to be more efficient and does not exhibit the aforementioned issue.

	ETRI
	Y
	Okay to study both options.

	Sharp
	Y
	

	TCL
	Y
	We are ok to study the both.

	DCM
	
	Frame structure should be fixed first.

	Panasonic
	
	

	InterDigital
	Y
	

	LG
	Y
	Other options can be further discussed, such as the length of PRDCH transmission can be predefined depending on different transmission types. (e.g., message/command type, before/after device identification, etc.)

	Lenovo
	Yes
	How about update the ‘scheduling information’ to ‘control information’?

	FUTUREWEI
	Y
	

	ZTE, Sanechips
	Y
	OK to study both options.

	Huawei, HiSilicon
	Y for option 1
	We are supportive of option 1, since it provides the flexibility of message sizes for R2D transmissions, and has very low overhead compared to including the transmission length in the PRDCH.
Regarding the concerns raised against option 1, the design of the postamble, which is discussed in 9.4.2.3, can be longer than a 2-symbol high-level voltage transmission, which will never occur in a PRDCH. This would avoid any mis-detection or incorrect data interpretation. 
It is also not clear how using the postamble would cause additional processing latency, since the device is expected to perform decoding in a pipeline manner, in a symbol-by-symbol manner. All the postamble would do is indicate to the device that the transmission is complete, it does not expect the device to wait until the receiving the postamble to decode the PRDCH transmission.

	CEWiT
	
	We are ok to study the both.

	Samsung
	Y
	Agree to study both options

	Nokia
	Y
	

	China Unicom
	Y
	To be honest, we prefer Option 1. But it is ok for us to study both options.

	Ericsson
	
	We prefer to have a separate R2D control field in PRDCH for the subsequent PRDCH data reception. We are open to discuss whether UL DCI is transmitted in the control field or as MAC data.
We prefer Option 2 like in NR. R2D postamble is not needed.




D2R transmission 
4.1.2.1 Preamble
For D2R preamble, some companies discussed about the design aspect.
· [11] discussed to define the timing accuracy requirement for preamble design and the design depends on symbol length, waveform and encoding, and synchronization and timing algorithms at A-IoT; 
· [5] and [18] proposed the D2R preamble can take the binary sequence-based signal as a starting point for discussion; 
· [13] proposed to reuse the legacy NR sequence or select the fixed sequence(s) in the D2R transmission. 
· [23], [30] proposed that long and short preamble formats can be considered to accommodate different use cases and channel/interference conditions.  
· [27] proposed predefined binary pattern modulated using the OOK/ASK waveforms can be considered
Based on the guidance, the detailed D2R preamble design should be discussed in AI 9.4.2.3.

4.1.2.2 Midamble
For the function of D2R Midamble, followings are proposed by companies: 
· SFO tracking: [2], [3], [8], [13], [14], [16], [25], [29] 
· Serve as a reference signal for channel and interference estimation: [2], [3], [8], [14]
· [2] MMSE-IRC can be applied for interference suppression in digital baseband processing. As the channel state information of both target signal and interference is needed for the MMSE-IRC processing, a reference signal is required to achieve channel and interference estimation, and the midamble can be used for this purpose
· [14] the uplink pilot, DR-Pilot can be combined with midamble for the channel estimation purpose 

For the conditions/cases to use the Midamble,
· [2], [14], [16], [25], [35]: For long PDRCH, midamble may be needed. 
· [14]: midamble is needed especially when D2R uses FEC coding schemes without any time recovery method for the coded symbols. 
· [31]: discuss if/how much midamble is necessary together with clock error model and D2R waveform. 
· [9], [31]: in case line coding (FM0/MMS) is used for the D2R transmission, Midamble is not necessary
· [33]: think it is only necessary to specify the beginning and end of a single signal for successful transmission.

FL1 High Priority Proposal 4.1.2-2: For D2R transmission, study the necessity of midamble for at least time tracking together with T-F drift model and D2R waveform, considering at least the following: 
· Coding schemes, i.e., line codes or FEC without line codes 
· D2R transmission length/packet size
· Midamble overhead
· Performance benefits
· Note the T-F drift model can be decided in AI 9.4.1.1 or AI 9.4.1.2 
	Company
	Y/N
	Comments

	xiaomi
	Y
	

	Qualcomm
	
	We are fine with the proposal in general. We suggest (1) making the first bullet a bit more generic, (2) adding receiving methods as a factor to consider, and (3) deleting the note.
For D2R transmission, study the necessity of midamble for at least time tracking together with T-F drift model and D2R waveform, considering at least the following: 
· Modulation and Coding schemes, e.g., data modulation, line/channel codingi.e., line codes or FEC without line codes 
· Receiving methods, e.g., coherent or non-coherent
· D2R transmission length/packet size
· Midamble overhead
· Performance benefits
· Note the T-F drift model can be decided in AI 9.4.1.1 or AI 9.4.1.2 



	vivo
	Y
	If the D2R transmission is short, the midamble is not needed. If D2R transmission is quite long, whether midamble is necessary is depended on the coding scheme.

	TCL
	Y
	We think it depends on the D2R transmission length. If D2R transmission length is short, it is not essential.

	DCM
	Y
	

	Panasonic
	Y
	

	InterDigital
	Y
	Also fine with Qualcomm’s proposed changes.

	LG
	Y
	We would like add a bullet with the device types/capabilities to consider the aspect that the necessity of midamble may depend on the device types/capabilities e.g., with different SFO requirements. Also, we can further discuss the time period (or time interval) between the preceding preamble/midamble and following midamble.

	Lenovo
	Yes
	

	FUTUREWEI
	Y with comment
	Can simplify main bullet as Qualcomm suggested.

	ZTE, Sanechips
	Y
	We think the midamble is needed, which can also used for channel measurement. We prefer the QC’s version.

	Huawei, HiSilicon
	Y with comments
	We feel that we could move one step further and agree to include midamble for D2R transmissions.
It improves the correlation peak detection performance of the reader, since if the midamble is not included, the accumulated timing offset would be large, resulting in a large searching window for the correlation peak. This impacts the pipeline processing of the reader, and also requires the reader to have a large memory to store samples.
The midamble is expected to be used only for longer packet sizes, e.g. longer than 100 ms, the details of which can be discussed further. Hence, we do not expect the midamble to cause any significant overhead issues. 

	Samsung
	Y
	

	Nokia
	Y
	We are also okay with the suggestion from Qualcomm.

	Ericsson
	
	In general, perhaps midamble(s) or postamble is needed by the receiver algorithms, but probably not both midamble(s) and postamble.





4.1.2.3 Postamble
For the function of D2R Postamble, followings are proposed by companies: 
· indicate the ending time of the PDRCH: [2], [3], [4], [5], [8], [9], [13], [14], [16], [25], [28], [33]
· provide a final timing correction to the Reader: [2], [16], [29]

In case D2R Postamble is used to indicate the ending time of the PDRCH,  
· [4], [5], [13], [14] think the postamble may be necessary to indicate the end of D2R transmission, but it may not be necessary or can be absence in case the D2R transmission length is fixed for feedback to some command.
· [3], [9], [13], [25], [28], [31], [35] think other option like by a length field or transmission length at the early part of the R2D transmission can be considered to indicate the end of D2R transmission. 
· [14] think whether D2R Postamble is needed is related to further detail design of uplink channels, e.g., whether the number of TOs can be indicated in the previous occasions.
· [8] think postamble can re-use the preamble design and flexibly accommodate appropriate data bits ranging up to 1000 bits. But using control field/length field indication may lead to larger overhead than postamble. 
· [9], [14] think the necessity and benefit is questionable since the miss detection and false detection of the postamble would result in receiver side decoding failure and power consumption. 
· [25] propose a study including analysis of the advantages and disadvantages of both methods should be conducted.
· [32] propose to discuss whether/how to indicate end timing of R2D/D2R transmission after discussing frame structure since the explicit indication may not be necessary in the slot-aligned system. 
Based on above, following proposal can be considered. 
FL1 High Priority Proposal 4.1.2-3: To indicate the end or the length of PDRCH transmission, study following options:  
· Option 1: D2R postamble immediately follows the PDRCH to indicate the end of the PDRCH.
· Option 2: Based on Reader’s indication, e.g., by scheduling information transmitted in the PRDCH to indicate or derive the transmission length or the end of the PDRCH.
	Company
	Y/N
	Comments

	xiaomi
	N
	We think the following option can be added.
Option 3: Based on the control information to indicate the the end or the length of PDRCH transmission

	Qualcomm
	Y
	We think Xiaomi’s Option 3 is same as Option 2.

	New H3C
	Y
	

	vivo
	Y
	Similar to our comments on Proposal 4.1.1-3. We are ok with the direction for further study, but in our understanding, postamble raises miss-detection and miss-interpretation issues. In addition, as the postamble is transmitted at the end of the transmission, it may have impacts on the processing timeline at the gNB/UE side. 

	ETRI
	Y
	Okay to study both options.

	Sharp
	Y
	

	TCL
	Y
	We are ok to study the both.

	DCM
	
	Frame structure should be fixed first.

	Panasonic
	Y
	

	InterDigital
	Y
	

	LG
	Y
	

	Lenovo
	Yes
	How about update the ‘scheduling information’ to ‘control information’?

	FUTUREWEI
	Y
	

	ZTE, Sanechips
	Y
	We are OK to study the both.

	Huawei, HiSilicon
	Y for option 1
	We are supportive of option 1, for the same reasons mentioned in R2D.
· Flexibility of message sizes
· Design is different that the PDRCH, avoiding mis-detection or incorrect data interpretation
· No latency issue since the reader is expected to perform decoding in a pipeline manner.
The preamble has also the purpose to provide a final timing adjustment opportunity to the reader, so this should also be captured in the proposal.

	CEWiT
	
	We are ok to study both.

	Samsung
	Y
	

	Nokia
	Y
	We are okay to study both options for study.

	China Unicom
	Y
	In keeping with Proposal 4.1.1-3, corresponding choice should be done. 

	Ericsson
	Y
	We prefer Option 2.
In general, perhaps midamble(s) or postamble is needed by the receiver algorithms, but probably not both midamble(s) and postamble.




Other aspects
· [8] proposed D2R reference signal can be considered in D2R transmission, can be considered to be implemented using a midamble, preamble, or postamble.
· [30] proposed if midamble and/or postamble are included in time domain frame structure of D2R transmission, FFS the design to enable distinguish from each other.
· [17] proposed the signal (semi-persistent or aperiodic) which is transmitted separately from the R2D or D2R transmission for sync can be FFS
· [35] proposed wake up signal for R2D transmission and wake up signal for D2R DO-A type traffic. It is not clear to FL whether the wake up signal for R2D can be part of R2D preamble design or not; For wake up signal for D2R DO-A type traffic, it is not clear to FL whether it is kind of control information like NR SR.  

4.2 Frequency domain 
· [1] proposed to discuss and determine the maximum time/frequency offsets for each of the A-IoT device types, before and after synchronization and study whether the current power budget limitations allow each category of A-IoT device to support mechanisms that enable frequency and time synchronization.
· For device 2b that can generate signal internally, [31] propose to study carrier frequency synchronization signal (e.g., a single-tone continuous sine-wave signal) for device 2b to achieve sub-100ppm (0.01%) level accuracy for 900MHz carrier frequency synchronization. 
· [32] proposed to discuss how to identify the frequency resource for synchronization signal in 9.4.1.2.
From FL’s perspective, the maximum time/frequency offsets before and after synchronization is related to the device receiver architecture and assumptions on T-F drift model, these aspects can be discussed in AI 9.4.1.2 or AI 9.4.1.1. The study of carrier frequency synchronization signal for device 2b can be discussed after the maximum time/frequency offset is determined.    
	 Company
	Y/N
	Comments

	Qualcomm
	
	It is clear that OOK R2D timing acquisition signal in the preamble with max possible chip rate of e.g., [1 ~ 2MHz] is not sufficient for device 2b that generates carrier frequency of [900MHz]. We need to study an additional synchronization procedure for device 2b. 

	vivo
	Y
	Agree with FL’s view that these discussions can be handled after more progress is achieved in AI 9.4.1.2 or AI 9.4.1.1

	Huawei, HiSilicon
	
	We are fine to discuss the frequency related aspects after more progress in the other agendas.

	Ericsson
	
	Fine to treat this topic under other agenda item(s)




0. Energy harvest on device availability for Tx/Rx procedures
4.3.1 General 
· [9] proposed before discussing on whether and how to handle the potential impact on device unavailability, the duration of a device unavailability, availability and the average inventory time should be studied.
· [10] proposed to study and discuss the following aspects/questions on unavailability time of a device due to energy harvesting/charging: 
· The rate of charging and discharging of an A-IoT device/tag (device type 1, 2a and 2b), e.g., whether a device/tag could become unavailable and needs to be recharged during a A-IoT communication session?
· Charging efficiency
· Power consumption for TX and RX
· Device activation/power-on and deactivation/power-off behavior during charging and discharging
· Whether device/tag is activated/power-on only when fully charged?
· Whether device/tag is deactivated/power-off only when fully discharged?
· Multiple or a minimum charging level for different types of message/traffic (i.e., inventory and command)

· [17] proposed to clarify whether the energy harvesting time is to be considered for scheduling time or not. For example, how long a reader needs to wait until a D2R transmission is received after the corresponding R2D transmission, may need to take into account the device may have some potential energy harvesting time after decoding the R2D transmission. 
· [19] proposed that for non-fully charged device situation, power charging time should be considered.
· [15], [20] proposed to consider energy harvesting time in the scheduling/processing timings to receive or transmit the remaining payload segments due to insufficient energy and the device can do energy harvesting between the segments. 
· [24] proposed to study TR2D_energise_min that is based on the maximum energy required to decode the DL command signal and the minimum power that can be harvested from the carrier wave signal. 
· [14] observed following and proposed that the potential impact of RF EH on device availability for Tx/Rx procedures is mostly RAN2 work, such as DRX operation for the device. RAN1 specification impact should be further identified.
· A reader cannot know the charging completion time of a device since the charging time depends on many factors including at least capacitor size, distance between devices and RF EH source, charging efficiency, etc.
· Once a device is activated, it will start monitoring and its capacitor will start discharging. When compared to the charging time up to tens of seconds, the discharging is much shorter, especially for device 2, which can only last for tens of millieseconds.
· Necessary design optimization can be considered to ensure that a device can keep alive before and during an inventory round, which can mostly be handled by RAN2 WG
· [24] proposed to study the Ambient IoT signalling protocol that allows for device charging time during an ongoing signalling exchange.
· [31] proposed and compare the following three device wake-up modes. Observing that duty-cycle based wake-up (wake-up model 3) achieves higher device availability (lower outage probability) with energy harvesting and energy budget compared to simple power/sequence-based wake-up models (model 1 and model 2) at lower Rx power such as -30dBm. 
    
During last meeting, assumptions related to the device availability were discussed. From companies’ replies, there are different views on the A-IoT device can be assumed to have power when it is required to operate or there is case that the A-IoT device becomes unavailable for Tx/Rx during an inventory round if A-IoT operation targeting for larger coverage. There is also assumption that before and/or during inventory, the reader can/should provide the RF energy for a sufficient period of time which may or may not have impacts on the transmission/reception. Therefore, following questions are listed to collect companies’ views and understandings. 
FL1 High Priority Question 4.3-1: Whether a A-IoT device (device 1, device 2) could become unavailable and need to be recharged during the inventory procedure if only rely on RF energy? Companies are encouraged to provide answer for following to justify your views. 
· Assumed time duration for A-IoT inventory procedure
· [bookmark: OLE_LINK92]Assumed device available time after fully charged and related justification e.g., capacitor size, energy conversion efficiency, activation threshold etc., for device 1 with ~1 µW peak power consumption and device 2 with a few hundred µW peak power consumption
	Company
	Y/N
	Comments

	Wiliot
	Y
	We believe A-IoT devices 1 and 2 should enable various sensing as well as other functions (during the inventory) that may require additional processing and activation time as well as additional energy, thus during this time, device becomes unavailable. 

	Xiaomi
	Y
	Maybe another aspect can be considered is how long for the device’s switch from inactive to active time.

	Qualcomm
	
	In general, whatever the device is (smartphone, ambient IoT device), whatever energy storage it has (capacitor, battery, etc), and whatever energy source it uses, there are cases where the device becomes unavailable and need to be recharged during a communication. We are not able to say an A-IoT device is never unavailable during an inventory procedure.
The question here must be, whether A-IoT study in this agenda, such as synchronization procedure / contention-based access procedure / scheduling procedure, has to consider potential impact of energy harvesting on device availability.
We believe it is important to consider this in the procedures. Taking synchronization procedure as an example, as analyzed in [31], if a device simply wakes up based on incident RF power > threshold, false alarm/wake-up drains the energy from the storage, especially when the distance from reader/RF source is large. For such case, RF EH cannot compensate for energy consumption of the device. Once the available energy is all used, the device has to be OFF until fully re-charging the storage. The re-charging takes long time and device memory cannot be retained. Reader does not know/estimate whether/when the device is available or unavailable and hence, has to try communication with the device occasionally/randomly. As per RAN#103 agreement, the unavailable time could take up to several tens of seconds. This increases overhead/complexity for reader and decreases the efficiency. Note that increasing storage size does not resolve the issue since large storage requires longer re-charging time.
Regarding the proposal, probably we could start with the following formulation:
RAN1 studies potential impact of energy harvesting on device availability for following aspects
· Synchronization procedure
· Contention-based access procedure
· Scheduling procedure including timing relationships


	Vivo
	Y
	As analyzed in our contribution, the time required for an inventory round without collision for the case1 and case2 are 10.3~13.87ms and 2.71~3.71 ms respectively.
Case 1: R2D transmission with data rate of 7kbps (OOK-4, M=1 with 1/2 Machester coding); D2R transmission with data rate of 40kbps (lowest data rate of RFID)
Case 2: R2D transmission with data rate of 28kbps (OOK-4, M=4 with 1/2 Machester coding); D2R transmission with data rate of 320kbps
For Device1 with 1μF capacitor, activation threshold=-30dBm, EH efficiency=0.1, the required charge time is 5s and the sustainable time is 250ms; Therefore, for this kind of device, reader can assume it is always available when in use.
For Device2 with10μF capacitor, activation threshold=-30dBm, EH efficiency=0.1, the required charge time is 50s but the sustainable time is 25ms, for this kind of UE, it may run out of power during an inventory round and has to return to charge. Reader cannot assume that it is always available.

	TCL
	
	We think it cannot ensure that a device is always available during inventory procedure. Another impact is how long the device stays in active time.

	DCM
	
	Seems to be difficult to answer to this question unless many other aspects are fixed, e.g., device architecture, assumed communication procedure, frame structure, etc.

	InterDigital
	
	The reader cannot assume that a device is always available for reception due to energy harvesting. This has impact on the time required to complete inventory round and other procedures. Agree that the study needs to include analysis of possible solutions to address this.

	LG
	Y
	RAN1 can further study the timing aspect of inventory round regarding the device energy storage status.

	Lenovo
	Yes
	we should discuss the energy availability, energy consumption, EH time, energy from EH for different capacitor storage sizes during the inventory round. There could be case like the fully charged device at the beginning of the inventory round may become unavailable due to the discharge of energy during the inventory round due to periodic monitoring of inventory query-rep command. How such unavailability of device should be handled within the inventory round should be discussed  

	FUTUREWEI
	
	Typo? Whether a A-IoT device (device 1, device 2) could become unavailable and need to be recharged during the inventory procedure if it only relies on RF energy?
It may not be possible to ensure a device is always available during the procedure. However, it is possible to have a reader schedule session to session down time to account for device unavailability.

	Huawei, HiSilicon
	Comments
	We assume that the device would always have charge whenever it needs to operate.
In order to determine the unavailability for a device, we would have to make certain assumptions on energy harvesting rates, energy storage capacity, energy sources etc., which are widely variable across manufacturers, and subject to plenty of change over development timelines, even before first Rel-19 deployments.
Moreover, the plenary’s agreement to study the device’s unavailability and requirement to be charged during the inventory procedure is to be discussed in RAN2 first. Hence, we want to wait until RAN2 discusses this issue and we can wait for their feedback on this, and avoid any overlap in discussions between RAN1 and RAN2.

	CEWiT
	
	The case of energy unavailability at the device needs to be studied.

	Samsung
	Y
	At first, the acquired power of energy harvesting should be investigated considering both signal strength depending on coverage, and energy harvesting efficiency. The harvested power should be compared with consumed power to justify whether there may exist a gap, especially for device 2. 
We provided some results in our contribution R1-2402468 (in 9.4.2.1) to show the potential unavailability. For short, there can be ~90μW loss for device 2 even under good coverage of RF energy harvesting signals, assuming 2μF capacitor size it will result in maximum ~11ms device availability, corresponding to very short payload size with <1 kbps target data rate.

	Nokia
	Y
	We don’t think the reader assume the AIoT device is always available during contention-based access procedure. It is worth to study the impact of device availability due to the energy harvesting.

	China Unicom
	
	The charging procedure can be further studied to decrease the interruptions in tricky process.

	Ericsson
	
	The first bullet depends on RAN2.



For energy harvesting time, based on following conclusion in RANP#103, it is assumed to be up to several tens of seconds.  
	Proposal 2
· Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19
· The potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study [RAN2, RAN1]
· Duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds
· Note: this value can be revisited in future RAN plenary meetings, if necessary
· TR 38.848 clause 5.6 statement on latency remains the case with respect to a single device, i.e.: “NOTE: The time for charging the Ambient IoT device storage (if present) is not included in the latency defined above. Time for energy harvesting, charging, etc. is regarded as an implementation issue only.”
· No SID revision is necessary



FL1 High Priority Question 4.3-2: Considering the energy harvest time assumed to be up to several tens of seconds, do we need to consider the energy harvesting time due to device running out of energy for following time intervals within a single inventory round? 
Companies are encouraged to provide your justifications (e.g., device available time vs device unavailable time) for your answers of Yes or No.   
· The time interval between a R2D transmission and the corresponding D2R transmission.
· The time interval between a D2R transmission and the corresponding R2D transmission following it.
· The time interval between two different consecutive R2D transmissions to the same A-IoT device. 
· The time interval between two different consecutive D2R transmissions from the same A-IoT device.
	Company
	Y/N
	Comments

	Wiliot
	Y
	We believe all the above device availability times should be taken into account. Though these times are predetermined at the reader and should be application and device dependent. 

	xiaomi
	
	We think this is not feasible for the inventory use case because the reader cannot know all the device’s power status, but may be applicable for command case if the power level/status can be reported to the reader.

	Qualcomm
	
	We are positive to study contention-based access procedure (and scheduling procedure including timing relationships) that takes into account potential impact of energy harvesting on device availability. The procedure should be designed such that device unavailability due to energy harvesting is minimized. For example, how/whether a device is able to harvest RF energy during the time intervals listed in the proposal can be studied. The time intervals could include both within a round of contention-based access procedure / scheduling procedure, and across rounds of contention-based access procedure / scheduling procedure. 
However, we are not sure if it is good idea to directly include energy harvesting time in the time intervals listed above. Assuming the device energy harvesting is based on RF, necessary charging time for each device is highly case/device dependent, e.g., depending on RF Rx power, RF activity (how much RF transmission for EH is available in the frequency that enables RF EH), energy storage size, RF EH efficiency, etc. It would be challenging to take into account necessary energy harvesting time in the time intervals. 
Therefore, we suggest to update the proposal as follows.
Study contention-based access procedure and scheduling procedure including timing relationships that enables efficient/better energy harvesting. 
· E.g., study how/whether a device is able to harvest RF energy during the following time intervals:
· The time interval between a R2D transmission and the corresponding D2R transmission.
· The time interval between a D2R transmission and the corresponding R2D transmission following it.
· The time interval between two different consecutive R2D transmissions to the same A-IoT device. 
· The time interval between two different consecutive D2R transmissions from the same A-IoT device.


	Vivo
	N
	We agree we need to study the energy harvest time, more specifically, device available time vs device unavailable time. Based on the study, we can consider whether any solution is needed to extend the device available time during the communication. But it does not mean the time interval needs to include the charge time. First, the reader can maintain CW for a sufficient duration before issuing an inventory command, ensuring that the targeted devices have enough energy to respond. Second, if the device become unavailable during above time intervals, it just fails the subsequent communication; other available device can respond to the Reader if the R2D transmission is group common type. Third, it increases operation complexity if we take the energy harvest time into account for timeline study given the Reader cannot precisely know the device energy status and the charging time is highly device implementation dependent. 

	TCL
	
	We are fine to study the energy harvest time and device available/unavailable time. We think it also depends on how long the device stays in active time.

	DCM
	
	Please see our comment for the previous question.

	InterDigital
	
	The impact of energy harvesting during these time intervals is likely negligible. However, it is fine if the study includes an analysis of the impact of device running out of energy during a R2D-D2R procedure.

	LG
	Y
	RAN1 can further study the timing aspect of inventory round regarding the device energy storage status.

	Lenovo
	Yes
	We are fine to further study the availability of device for those listed cases. 

	FUTUREWEI
	
	The device availability time should be taken into account and determined by the reader. The availability time may be based on device type. It is possible for a reader to schedule a session down time in the time intervals. The down times can be several seconds. For example, as part of the scheduling information for the D2R transmission, the reader can inform the device a down time after the D2R transmission. 

	Huawei, HiSilicon
	Comments
	As stated in the previous response, we prefer not to study the device availability times since it would not be possible to determine this. 

	CEWiT
	
	Device ON and OFF cycle based on energy harvesting time needs to be studied.

	Samsung
	
	At first, it needs to be studied whether energy harvesting for initial charging e.g. from zero-energy storage and for re-charging e.g. with energy storage lower than a threshold corresponding to receiver activation/decoding threshold. In our understanding, the former case can be up to several tens of seconds but the latter case needs much lower time, since the two cases have different RF energy harvesting efficiency, e.g. 30% for re-charging and 10% for initial charging, and different target charged energy. 
Secondly, we think the energy harvesting time is potentially needed, depending on R2D/D2R payload size. We consider further details can be justified after question 4.3-1 being clear, and we are open to study time intervals in the proposal.

	Nokia
	Yes
	We are okay to study the listed bullets. It might be hard to evaluate and consider the required time for energy harvesting as it is implementation dependent issue. However, from RAN1 perspective, we need to consider whether the device can continuously keep using stored energy by energy harvesting during the listed time intervals. 

	China Unicom
	
	It is an effecient way to improve the charging procedure(eg. periodic charging) to wipe out the unavailable time. In this way, all various time intervals for devices running out of energy will disappear.

	Ericsson
	FFS
	



For the question “Whether device/tag is activated/power-on only when fully charged and whether device/tag is deactivated/power-off only when fully discharged” [10], based on contributions, there could be following duty-cycle/wake-up models for A-IoT device, which is discussed in section 4.3.2.   
4.3.2 A-IoT device duty cycle models during a communication session 
Following A-IoT duty cycle models during a communication session are summarized based on FL’s understanding from companies’ contributions. If your views/positions are not correctly captured, apologize in advance and please feel free to correct your views/positions. Thanks!

· A-IoT device duty cycle Model 1: Duty cycle determined by the A-IoT device 
· Model 1-1: A-IoT device wakes up from cold start 
· [31]: a A-IoT device continues to search for the known pattern/sequence e.g., preamble as long as RF received power > the activation threshold, until the available energy is finished. Once the device uses up the available energy, it becomes unavailable/off and harvests energy until the energy storage is fully charged. After the storage is fully charged, the device is again available/on as long as RF received power > the activation threshold. For Mode 1-1, the device becomes available/on from a cold start; the reader does not know when the device is on, when the device is off. 
· Model 1-2: device wakes up from warm start
· [3]: To improve device availability, support providing a destination ID early within PRDCH, so that a device can stop receiving the PRDCH that is not intended for the device; and/or a device can be signaled with a number of PRDCH to skip before looking for a PRDCH that may be intended for it.
· [4]: do not support periodic synchronization signals transmitted from a reader. Consider including cellular timing information (e.g., SFN, subframe number, slot number) in R2D control information, which may be useful for the AIoT device to determine the on-off duration, which could be duty-cycle like operation.
· [9]: A-IoT device can determine the duty cycle without periodic timing acquisition signal to avoid the cold start. When RF power > the activation threshold, the device with sufficient energy can start detecting preamble or delimiter (if any). If a preamble is detected, a device starts decoding the subsequent PRDCH and if the PRDCH targets for the device, the device can start the contention-based access; Otherwise (e.g., Not meet the criterion filter in the R2D Tx or due to the backoff time), based on the scheduling/timing relations and the device’s energy status, by implementation the device can decide to be silent to harvest the energy for a while or continue to detect the next preamble/PRDCH. 
· [12]: Study reader-triggered asynchronous system with relative timing, wherein there is no definition of a slot, a subframe or a frame followed by devices in a synchronous manner, and any D2R transmission is always triggered by a reader. In addition, a PRDCH transmission providing beacon can be considered to indicate that A-IoT communication session is activated and on-going. 
· [14]: A reader can frequently transmit inventory commands to interrogate potential alive devices in turn since it does not know the charging time of devices. It is not necessary to define a periodic synchronization signal to provide the ON/OFF pattern for devices. To further reduce the resource overhead due to frequent transmission of inventory commands, a reader can provide information to indicate the potential alive device to perform monitoring or keep sleeping in an on-demand manner.
· [19]: When an A-IoT devices completed a certain transaction comprised of R2D and D2R transmissions at certain timing, depending on the service type, it is not necessary for the device to keep power-on / active for a subsequent transmission/reception. The device can choose to enter some power saving mode (sleep, power off, etc.) and then wake up for the certain timing. Next wake-up timing can be the request from the device.  
· [31]: Wake-up model 2 activates a sequence detector as a wake-up receiver (WUR) when RF received power > threshold and searches for a known pattern/sequence only for a limited time duration. The device, if not found, goes to OFF to save the energy if it is not found. After going to the OFF state, if the device still observe RF received power > threshold, the device again activates the WUR. During the OFF state until the device activates the WUR again, the device can harvest energy from the RF power. Once the energy in the storage is less than 50% of the storage, the device stays OFF until the storage is fully charged. For this model, device wakes up from warm start, and reader has no idea when device is on and off. 

· IoT device duty cycle Model 2: Duty cycle determined and controlled by the reader  
· [9]: reader determined duty cycle with periodic timing acquisition signal to avoid the cold start. The periodic signal is to be used by Reader to control and align the duty cycle among different devices, where the duty cycle “on” and “off” length is determined by the Reader rather than the device. During the duty cycle “OFF” duration, the device can sleep, run the sleep clock with consuming some power and harvesting some energy. During the duty cycle “ON” duration, the device needs to wake up to detect the R2D transmission. 
· [12]: Study a reader-triggered locally synchronous system, wherein a symbol, a subframe or a frame boundaries are maintained in a temporary manner while PRDCH providing synchronization is detected. Once the PRDCH providing synchronization is received, an A-IoT device assumes that the transmission interval between two successive PRDCHs providing synchronization are fixed as long as the current A-IoT session is on-going.
· [15]: Consider the following duty cycle-based operation in R2D and D2R communication for an inventory round:  
· Periodic Rx and synchronization; Minimum sleep state to maintain the RAM memory; Tx operation for transmitting random access and EPC ID
· [16]: AIoT supports functionality allowing predictability of a device activity cycle from reader perspective, by broadcasting information to indicate to a device how to adjust timing of its activity cycle 
· [19] A-IoT devices should support some DRX-like and/or DTX-like operation for power saving and preventing false detection. Next wake-up timing can be periodic operation (e.g., the periodicity is some common understanding between the reader and the device).
· [31]: With wake-up model 3, an A-IoT device activates the WUR with a certain duty cycle, irrespective of the level of the received RF power. When the WUR is not activated, the A-IoT device is in sleep state, wherein the RF EH is enabled, memory is retained, and a sleep clock is running. The sleep clock is used to maintain the duty cycle operation. It requires a reader to provide synchronization reference to A-IoT devices. For example, a certain synchronization signal can be transmitted in periodic manner. A-IoT devices that receive/detect the synchronization signal can enable synchronous best-effort duty-cycle monitoring (BE-DCM).

· “Periodic” signal
Along with enabling the A-IoT duty cycle Model 2, companies express the views on the “periodic signal”. Before discussing the periodic signal, one clarification for the “periodic” signal should be made.
Clarification: the periodic signal used in this document should be understood as companies mentioned “locally synchronous” or “on-demand periodic” or “semi-persistent”, it is not like always on signal, the periodic signal for A-IoT operation is only periodically transmitted from the time when a reader wants to communicate/inventory A-IoT devices until the communication/inventory is completed.   
FL1 High Priority Question 4.3-3: If you have different understanding on above clarification, please input into following table.     
	Company
	Y/N
	Comments

	Wiliot
	Y
	We agree with the FL1 clarification

	xiaomi
	N
	We do not propose to discuss the periodic signal which is transmitted separate from the R2D/D2R transmission.

	Qualcomm
	Y
	We think this is an obvious assumption. Periodic signal, if any, should be on-demand according to the reader’s need.

	New H3C
	Y
	

	vivo
	Y
	We share similar view as FL

	DCM
	Y
	OK with the clarification.

	InterDigital
	Y
	

	LG
	
	While we agree with the clarification, we prefer to put the discussion of periodic signal as a low priority.

	Lenovo
	Y
	

	FUTUREWEI
	N
	For an asynchronous system, it is not expected to have any periodic signal

	Huawei, HiSilicon
	Comment
	We have a few questions regarding this “locally synchronous”/”on-demand periodic”/”semi-persistent” signal.
Is this signal different from the timing acquisition signal (e.g. preamble) that was already agreed? If yes, is this expected to be carried on the PRDCH?
If the signal is not always on, is it expected that the device would search for this signal without any prior configuration or knowledge as to when it would be transmitted?
The purpose of this signal is also not clear – if it is meant to provide timing related information, how is this different from the preamble?

	CEWiT
	
	We are fine with the clarification.

	Samsung
	Y
	

	Nokia
	Y
	We have a similar understanding the clarification from FL.

	China Unicom
	Y
	

	Ericsson
	
	Will this also be enough for Device 2b, or does it need a periodic sync signal to be able to acquire and maintain DL sync?




On whether to support periodic signal, companies’ views are following:
· No support or deprioritize the periodic signal for the study [2], [3], [4], [8], [9], [14], [17], [26]
· A-IoT device may not be able to maintain synchronization and timing with the network since it is in a power-off state for charging in most of the time. 
· Large resource overhead by dense periodic sync. signal transmission to compensate the large SFO   
· Additional power consumption at both device and reader side
· More specification efforts for periodic sync. signal design and device behaviors/procedures
     
· Need to study the periodic signal [10], [15], [16], [19], [31], [34] 
· Extend device availability time and reduce the outage probability
· Minimize access collisions among the devices, improve the inventory efficiency    

In addition, whether the periodic signal if defined is only from reader perspective or also from device perspective.     
· [12], [14], [20], [21] proposed that periodic signal is transparent from A-IoT device perspective because that AIoT devices are not able to always maintain a synchronous state with the reader/gNB, but can be transmitted from the Reader perspective. 
· [28] proposed to study the periodic synchronization signal based on the device type.
· [16] proposed that AIoT supports functionality enabling reader to have devices meeting a certain duty rate follow a common activity cycle timing.    

Considering all above, may be following proposals can be the starting point for discussion.
FL1 High Priority Proposal 4.3-4: Study following options for the A-IoT device including device 1 and device 2 operation   
· Option 1: A-IoT device is assumed available for the reader 
· Option 2: A-IoT device availability (duty cycle if any) is unknow to the Reader
· Option 2: A-IoT device availability (duty cycle if any) is known by the Reader  
	Company
	Y/N
	Comments

	Wiliot
	Y
	We support option 3, as it is preferred that reader also controls RF energy harvesting in terms of saving reader resources for when to issue the readings. 

	xiaomi
	
	Option 2 is applied for the inventory use case;
Option 3 can be applied for the command used case if the power status can be reported.

	Qualcomm
	
	Probably the first step is to discuss whether an A-IoT device wakes up only based on RF incident power > threshold really works. A-IoT must be enabled with much larger distance from reader/RF source compared to UHF RFID. Wake-up only based on RF incident power requires very low wake-up threshold. The device wakes up with the RF incident power no matter of whether or not the incident RF is intended R2D transmission for the device. False alarm/wake-up requires the device to activate the baseband to search for the R2D transmission and consumes device energy, while the energy harvesting rate is very low due to low RF power and low EH ratio at the operating point. We consider this causes serious issue of device availability as analyzed in [31]. One may claim that wake-up based on RF power and search for / synchronize with R2D does not consume much energy and hence frequent false-alarm has no problem on device availability. However, we do not think this is true.
If it is agreeable to study wake-up mechanism(s) that is/are not only based on RF incident power > threshold, then the next step is to discuss options. Duty-cycle monitoring is one option we brought up in [31]. Unlike legacy UHF RFID, the device wakes up in periodic manner. During the sleep, the device retains memory and keep sleep clock running. By this, the device can keep the duty-cycle and wakes up at periodic ON occasions. Reader can control the duty-cycle monitoring by design. With this, the reader can send an R2D transmission to the target device at a time that the device is supposed to be ON. During sleep, the device does not receive/monitor R2D and keeps RF energy harvesting. This avoids false alarm/wake-up due to irrelevant RF incident power during sleep.
Having said that, we suggest to start with the following.
· RAN1 studies A-IoT device wake-up mechanism(s) that is/are not only based on RF incident power > threshold
· The mechanism(s) should consider device availability/unavailability due to energy harvesting
· Companies are encouraged to provide details of how a device wakes up, acquire R2D transmission, and synchronize with the R2D transmission using timing acquisition signal.


	vivo
	Y
	We are ok to use the proposal for study. 
For the FL proposal, there is one typo in the proposal, the last sub-bullet should be option3.
Regarding the 2nd and 3rd bullets, we suggested changing the wording ‘is unknow’/’is unknown’ to ‘is assumed to be unknown’/‘is assumed to be unknown’ to align with option1.
Regarding the necessity of duty cycle, we still fail to see its motivation. The duty cycle is introduced for improve power efficiency. However, aligning the 'on/off' durations with each UE's 'monitoring/charging' cycles is challenging. Furthermore, due to the timing shifts caused by high SFO, the 'on/off' durations or the transmissions must be extended or adjusted to accommodate these shifts. Consequently, it is unclear whether operating with a duty cycle is more efficient compared with the procedure without duty cycle, given that the impact of the timing shifts depends on the device's implementation.

	TCL
	
	For the last bullet, it should be Option 3. We are not clear the difference between Option 1 and Option 3.

	DCM
	
	4.3.1 should be discussed/concluded first.

	InterDigital
	
	Both “Option 2” bullets could occur at different times for a given device, i.e. initially the reader may not know the duty cycle of a device but later acquires the information.   

	LG
	
	In general, we think that A-IoT device availability is not always known to the Reader. We can discuss how to address the case. Nevertheless, similar to what was mentioned earlier, we prefer to put the discussion of periodic signal as a low priority. An aperiodic sync signal should be studied as a high priority.

	Lenovo
	
	If duty cycle is studied, we prefer to option 3, i.e., IoT device availability (duty cycle if any) is known by the Reader.

	FUTUREWEI
	N
	Have similar concerns about the necessity of duty cycle as commented by vivo. Corrections suggested by vivo are ok.

	ZTE, Sanechips
	Y
	Agree with this proposal. We prefer Option 1. The availability of the device may be addressed through some potential solutions or device behaviors.

	Huawei, HiSilicon
	
	We are supportive of Option 1 here, because as the devices are described in the SID, they have energy storage, and hence can be assumed to have power when the reader intends to transmit to the device.
The known case in option 2 is not practical for RAN1 as per our other answers, as it requires too much knowledge of device’s energy storage behaviour.

	CEWiT
	
	We are fine with the proposal to study.

	Samsung
	
	At first, we would like to clarify device availability can be total independent of such duty cycle definition, and we don’t want to mix them together. 
In our understanding, device availability is not defined by available duration and unavailable duration, similar to DRX, but it can be controlled by introducing some restrictions e.g. maximum payload size, minimum charging interval, etc., when the restrictions are satisfied, the device can be assumed as available by the reader.

	Nokia
	
	We are generally okay with the proposal. For option 1, the intention would be to assume the device is always available from a reader? If yes, we don’t think so. In our understanding, CW node is not always the same as a reader node. However, okay to study the listed options.

	China Unicom
	
	For inventory use case, Option 2 should be considered facing all kinds of conditions based on practical demands. For command use case, Option 3 is exactly the right status after the RA procedure. 

	Ericsson
	Y
	




Random access 
0.2 Random access for A-IoT system
General 
[31] thinks the consider the basic framework of contention-based procedure should be discussed in RAN1 including steps, channels, timing relationships, resource allocations, etc.
[2]: For Ambient IoT contention-based or contention-free access procedure, RAN1 focuses on the following tasks.
· Identify the necessary physical channel/signal 
· Identify the potential scheme for efficiency improvement, such as the multiple access scheme
· Identify the necessary configurations or scheduling information for the involved physical channel/signal
[4] think either RAN1 or RAN2 should determine the required number of steps and the essential messages need to be exchanged between a reader and A-IoT device. And it may be necessary to have some consensus from RAN1 perspective, and then we can share RAN1 view with RAN2.
[31] ask RAN2 to provide the condition(s) that RAN1 can consider a contention-based procedure for an A-IoT device is successful, e.g., successful delivery of temporal device identification having a certain bit-width, EPC, or something else, from an A-IoT device to the reader.

Random access related procedures
From contributions, for contention-based access, the 4 or 5-steps are proposed by the most companies are almost aligned. In addition, companies also discussed about 2/3-step contention-based access. 
· [4], [5], [8], [19], [26] proposed RAN1 to study two-step contention-based access to study random access technique, including study feasibility of two-step contention-based access technique.
· [14] proposed to FFS whether to support 2-step contention-based access procedure for common/group common inventory considering the latency caused by the collisions for large D2R transmission.
Therefore, following proposal can be considered. 
FL1 High Priority Proposal 5.1-1: From RAN1 perspective, for A-IoT contention-based access procedure, following steps is used at least for latency evaluation purpose.
· Step 1: Msg0 (R2D): Device receives an inventory command
· Step 2: Msg1 (D2R): Device transmits of a device random ID 
· Step 3: Msg2 (R2D): Device receives an acknowledgment of the device random ID
· Step 4: Msg3 (D2R): Device transmits UL data (such as device identifier)
· Step 5 (optional): Msg4 (R2D): Acknowledgement e,g. NACK or next R2D command if necessary 
· FFS merge some steps of above contention-based access procedure (e.g., 2-step contention-based access, the device transmits at least the device identifier in Msg1 to respond to Msg0) 
	Company
	Y/N
	Comments

	xiaomi
	  
	Maybe we need first clarify this belong to RAN1 or RAN2 scope.

	Qualcomm
	
	We are aligned in general.
We think some refinements are necessary, e.g., (1) Msg0 should be “an R2D transmission that triggers contention-based access procedure” since “inventory command” has not been defined; (2) Msg1 should be e.g., “an indication of a temporary identification”, not “a device random ID”.

	New H3C
	
	OK in general

	Vivo
	Y
	

	TCL
	
	For Step 1, we think inventory command is not clear, the its definition should be clarified.
For step 2 and step 4, we are wondering that the length of random ID and device identifier. If they are almost equally, transmitting device identifier in step 2 is enough.

	DCM
	N
	We should discuss 4-step vs 2-step sufficiently before agreeing this proposal.

	Panasonic
	N
	Agree with DCM

	InterDigital
	
	The sequence seems reasonable. For Step 1, should replace “Device receives inventory command” with something like “Device receives indication of random access”.

	LG
	Y
	Msg0 can be “an R2D transmission that triggers contention-based access procedure” as QC also mentioned.

	Lenovo
	
	We can discuss this proposal after RAN2 progressed on the RACH procedure for A-IoT 

	FUTUREWEI
	N
	The transmission contents and steps should be determined by RAN2, not RAN1.
Typo: Step 4: UL should be D2R.
Note is not justified – we have not agreed to supporting a -step contention-based access procedure. We also did not agree to a 4-step; however we can consider looking at 4-step procedure as an example.

	ZTE, Sanechips
	
	Fine in general. We have some minor modifications in terms of wording.
· Step 3: Msg2 (R2D): Device receives an response foracknowledgment of the device random ID

· Step 5 (optional): Msg4 (R2D): ResponseAcknowledgement e,g. NACK or next R2D command if necessary

	Huawei, HiSilicon
	
	Detailed steps of the procedure are RAN2 business to begin with. RAN1 can wait, and focus on pure PHY issues.

	CEWiT
	
	We agree with Lenovo.

	Samsung
	
	We consider the above 5 step protocol as a baseline. We also consider to directly provide device ID in step 2, rather than random number, such that the number of steps reduces to 3 steps. We suggest to study both options. 

	Nokia
	Y
	We are generally okay. For the latency evaluation purpose, in our view, 2-step contention based access should be considered. 

	China Unicom
	
	It is better to wait for some preliminary conclusions for RA in RAN2.

	Ericsson
	
	The proposal seems reasonable to us, but it should be up to RAN2 to define the access procedure, but perhaps the above can be used as a baseline assumption.



In addition to A-IoT contention-based access procedure, following procedure is also discussed. 
· [2], [5], [9], [14], [18], [19], [20], [26] proposed for the case of a single device being triggered by the reader, an A-IoT contention-free access procedure initiated by the reader can be considered.
· [9] further clarifies that it is for the case that the Reader already obtains a device identifier and the Reader does not request the device to report its device identifier. 
· [10] further clarifies that it the step for the device ID reporting can be omitted.
· [32] proposed to discuss how to access when a response is expected from a single device. E.g., a contention-free access procedure is defined, or the contention-based access procedure is reused with a specific parameter.
· [12] proposed to study following procedure for command use case 
· Study PRDCH providing a command in a device-specific or device-group-specific manner and additional information to be delivered in the PRDCH.  
· Study PRDCH providing a command in a device-specific or device-group-specific manner involving D2R data transmission, and PRDCH providing a group ACK for more than one successfully received PDRCH data transmission.  
It seems companies share the similar views that a R2D transmission targeting to a dedicated device and a group of devices should be supported. Based on above, following proposal can be considered.
 
FL1 High Priority Proposal 5.1-2: From RAN1 perspective, when a response is expected from a single A-IoT device that is already identified by the reader and the reader does not request the device to report its identifier, study following access procedure initiated by the reader:
· Step 1: R2D transmission including command to an identified A-IoT device
· Step 2: D2R transmission including command response to the reader 
	Company
	Y/N
	Comments

	Wiliot
	Y
	We agree with FL1 Proposal 5.1-2

	xiaomi
	Y
	

	Qualcomm
	
	We are OK with the proposal in principle, but one comment on the step 2 – it is not clear why D2R transmission includes command.

	Vivo
	Y
	

	TCL
	Y
	

	DCM
	Y
	

	Panasonic
	Y
	

	InterDigital
	Y
	

	LG
	Y
	

	Lenovo
	Yes
	First, we can discuss whether to include such case for study before going into the details of the solution.
Study a case in RAN1, when a response is expected from a single A-IoT device that is already identified by the reader and the reader does not request the device to report its identifier

	FUTUREWEI
	
	Okay in principle but this. Maybe to simplify the second bullet
•	Step 2: D2R transmission including command a response to the reader

	ZTE, Sanechips
	Y
	

	Huawei, HiSilicon
	
	We understand the intention but the proposal seems in a bit detail level.
1. The “command” in the proposal is unclear to us whether it means the command traffic or some specific meanings.
2. Last time RAN1 agreed “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.” We think similarly, RAN1 can try a similar high-level description for contention-free access procedure first, to avoid using any terminology of inventory or command traffic.

	CEWiT
	Y
	

	Samsung
	Y
	We consider the above 2 step as a baseline. Furthermore, the command may involve D2R data transmission. In this case Step 1 R2D command also provides corresponding D2R data transmission, Step 2 D2R data transmission accordingly, and Step 3 R2D confirmation. We thus suggest to consider both options. 

	Nokia
	Y
	

	Ericsson
	
	We can leave this to RAN2.



FL1 High Priority Proposal 5.1-3:
· Study PRDCH providing a dedicated command to a specific A-IoT device
· Study PRDCH providing a common command to a set of A-IoT device
· FFS how to determine a dedicated command and a common command     
	Company
	Y/N
	Comments

	Wiliot
	Y
	We agree with FL1 Proposal 5.1-3

	xiaomi
	Y
	

	Qualcomm
	
	Proposal 5.1-1 includes study of PRDCH providing a common command to a set of A-IoT devices. Proposal 5.1-2 includes study of PRDCH providing a dedicated command to a specific A-IoT device. Therefore, this proposal seems duplicated with the previous proposals.

	Vivo
	Y
	

	Sharp
	Y
	

	TCL
	Y
	

	DCM
	
	Which layer provides the dedicated/common command should also be an additional FFS.

	Panasonic
	Y
	

	InterDigital
	Y
	

	LG
	Y
	

	Lenovo
	
	We feel the device doesn’t need to distinguish whether command is multicast or unicast. It should be agnostic 

	FUTUREWEI
	
	Given proposals 5.1-1 and 5.1-2, do we even need this proposal?

	Huawei, HiSilicon
	
	Does it mean the initiating of a procedure is carried in PHY? 
We prefer not to go rush in RAN1 and wait RAN2 to discuss procedure first.

	CEWiT
	Y
	

	Samsung
	Y
	

	Nokia
	Y
	We think proposal 5.1-2 already covers the first bullet. We may need the second bullet to make more progress.

	China Unicom
	Y
	

	Ericsson
	
	We can leave this to RAN2.



Others
· [17] proposed one round of contention-based access is composed by a set of occasions and each round of the access is started by a R2D command like Query in RFID and can be divided into 2Q occasions.
· [32] proposed when D2R transmission performed based on slotted-ALOHA based access is triggered, a time window Twindow for the slotted-ALOHA based access is indicated in the corresponding R2D transmission.
· [16], [17] proposed that Reader transmits an indication of the slot/occasion start for every slot/occasion of the slotted-Aloha based contention-based access procedure. 
· [32] proposed to discuss time unit Tslot for slotted-ALOHA, in consideration of frame structure.
· [18] proposed that MSG1 can be used to indicate whether a UE is a type-1 UE, a type-2a UE or a type-2b UE.
· [21] proposed to clarify whether the contention-based access procedure in RAN1 discussion include data transmissions or not and study mechanism to separate contention-based access and data transmissions to allow multiple devices to share a certain duration to communicate with the reader.

5.2	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  
· [1], [2], [5], [12], [14], [15], [17], [18], [21], [22], [26], [27], [30], [31], proposed to study TDMA, FDMA of multiple devices within the same query slot. 
· [14] proposed when sub-slot TDM is supported for multiple devices, TTDM, gap in addition to TR2D_min, TD2R_min can be studied, which means the time gap between adjacent sub-slot time resources.
· [15] proposed to consider grouping of one or more Tx and Rx resources for R2D and D2R communications within an occasion so that Ambient IoT device performs contention-based selection of occasions.
· [8], [14], [15] proposed to FFS including the feasibility Orthogonal preamble, Orthogonal/non-orthogonal UL data for multiple access
· [10] proposed to conclude CDM of RACH preambles based on m-sequences and Gold sequences is feasible based on their simulation results.  
· [2]: OFDMA and CDMA are not supported due to the large clock frequency offset of the Ambient IoT devices
· [8] proposed to study enhanced slot based anti-collision algorithm, e.g. Q-selection + BTree 

Give above, following proposal can be considered. 
FL1 High Priority Proposal 5.2-1: At least TDMA and FDMA of multiple A-IoT devices for slotted-ALOHA based access can be further studied. 
	Company
	Y/N
	Comments

	Wiliot
	Y
	We agree with FL1 Proposal 5.2-1

	xiaomi
	Y
	It should be clarified the TDMA and FDMA should be applied for the devices in one slot.

	Qualcomm
	Y
	

	New H3C
	Y
	

	Vivo
	Y
	

	ETRI
	Y
	

	Sharp
	Y
	

	TCL
	Y
	

	DCM
	
	Which MA is considered should be aligned with discussion in 9.4.2.1.

	Panasonic
	Y
	

	InterDigital
	Y
	

	LG
	Y
	

	Lenovo
	Yes
	

	FUTUREWEI
	Y
	

	ZTE,Sanechips
	
	We provide our evaluation results of CDM-ed multiple access for AIOT in AI9.4.2.1 and AI9.4.2.2. Based on the evaluation results, it can be seen that CDM-based solution can improve the performance as well as the initial access capacity. So we recommend that TDMA, CDMA and FDMA of multiple A-IoT devices for slotted-ALOHA based access can be further studied. 

	Huawei, HiSilicon
	Y/with update
	We support this proposal with the following update
At least TDMA and FDMA of multiple A-IoT devices in D2R for slotted-ALOHA based access can be further studied. 
However, multiple access is assigned to agenda item 9.4.2.1.

	CEWiT
	Y
	

	Samsung
	
	In addition, CDMA can be also further studied. CDMA in its simplistic form can be OCC, which does not require high chip rate or precise timing capability. 

	Nokia
	Y
	

	
	
	

	Ericsson
	Y
	



Enhancement#2: Accommodation for A-IoT device duty-cycle operation
[31] 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.  

Scheduling and timing relationships
6.1 Timing relations related aspects 
[1] proposed to clarify whether the agreed minimum processing time related definitions in RAN1#116 meeting concern the time between the beginning of two subsequent transmissions or the time between the end of one transmission and the beginning of the next transmission. 
From FL perspective, this clarification is needed, and “the time between the end of one transmission and the beginning of the next transmission” is more reasonable. But this point including “the end” and “the beginning” of the transmission can be clarified later after the R2D and D2R waveform, basic resource allocation unit e.g., chip or bit symbol, time-domain frame structure design becomes clearer.    
About the exact values for the minimum processing time, FL agree with [11], [16], [23], [31] that it may be premature to discuss the detailed values without knowing the applicable data/chip rates, sampling rate, message contents or command types to be transmitted/received for A-IoT devices and Reader. Therefore, the discussion related to the exact values can be deprioritized for this meeting. Following views are summarized for information: 
· [2] propose the values from ISO 18000-6C UHF RFID are a reference for further study for TR2D that is related to the device’s processing latency; 
· [2], [14] propose for TD2R that is related to the reader’s processing latency, the impact on the existing BS implementation e.g., gNB can only make scheduling decision every 5ms scheduling window is included in the study. 
· [3], [6], [13], [26], [28] think the processing time can be different for different A-IoT devices once device capabilities are known to the reader and processing time can be different for different traffic types/command types and/or different use case. 
· [4], [5], [10] propose RAN1 to prioritize a common processing time for overall A-IoT devices based on a maximum required processing time among all A-IoT devices, and/or for different traffic types/command types. [10] proposed that the TD2R_min and TR2D_R2D_min may be different for different topologies.
· [14], [16] proposed that common processing time can be supposed for different A-IoT devices. [14] also proposed processing time can be different for different command e.g. commands like as writing or encryption require more time.
· [8] proposed the processing time can be determined based on TBS and/or device type

On the other hand, the D2R transmission timing and R2D reception timing can be discussed to facilitate the Reader’s PDRCH reception or A-IoT device’s PRDCH reception, e.g., to avoid long and uncertain waiting time at the receiver side.
For A-IoT device to acquire transmission timing for PDRCH transmission, following options are discussed
· Option 1: Define a maximum time TR2D_max between a R2D transmission and the corresponding D2R transmission following it. 
· Option 1 is discussed by [1], [2], [5], [6], [8], [9], [10], [17], [18], [20], [26], [30]
· Option 2: Based on Reader’s indication e.g. indicated by the scheduling information transmitted in the PRDCH 
· Option 2 is discussed by [6], [8], [9], [31]
For above two options, 
· [8], [9], [31] discussed that Option 2 can achieve more flexible scheduling, which is beneficial for time domain resource allocation and improving transmission efficiency; 
· [8] discussed that Option 2 is more complex, requiring A-IoT devices to store relevant configuration information for the interval indicator. 
In addition, [9], [31] discussed that A-IoT device may not be able to identify the indicated timing accurately and hence there could be a certain ambiguity of D2R transmission timing. However, this can be addressed by reader to reserve a time window/margin for the device to transmit D2R.
Therefore, following proposal can be considered.
FL1 High Priority Proposal 6.1-1: For A-IoT device to acquire transmission timing for corresponding D2R transmission after a R2D transmission, study at least following options.
· Option 1: Define a maximum time TR2D_max between a R2D transmission and the corresponding D2R transmission following it, so that the PDRCH transmission timing is within [TR2D_min, TR2D_max]. 
· Option 2: Based on Reader’s indication e.g., indicated by the scheduling information transmitted in the PRDCH. 
	Company
	Y/N
	Comments

	xiaomi
	Y
	For option 2, it may be only applicable for device 2.

	Qualcomm
	Y
	It is good to keep both options for further study. 
We suggest to update the main bullet since in our understanding the options are for reader to identify whether the A-IoT device correctly received the R2D transmission and took appropriate action within a certain time budget – not for A-IoT device to acquire transmission timing for corresponding D2R transmission after a R2D transmission.

	New H3C
	Y
	

	Vivo
	Y
	

	Sharp
	Y
	

	TCL
	Y
	We are of to study the both. 

	DCM
	Y
	

	Panasonic
	Y
	

	InterDigital
	
	It is not clear why these are “options”. It seems that they are not mutually exclusive.

	LG
	Y
	

	Lenovo
	Yes
	Agree with Qualcomm, the proposal is not clear enough

	FUTUREWEI
	Y
	The wording of the main bullet should be revised
For A-IoT device, to acquire transmission for the timing of the for corresponding D2R transmission after a R2D transmission, study at least following options

	ZTE, Sanechips
	Y
	

	Huawei, HiSilicon
	Comments
	We have the feeling that the purpose of the maximum time is being muddled a bit.
In our understanding, the purpose of the maximum timing is not to indicate to the device as to when it has to transmit the D2R transmission after receiving the previous R2D transmission, but rather for the reader to understand whether the device has received the R2D transmission in order to avoid long and uncertain wait times. 
The time related scheduling information of the D2R transmission would be provided by the reader in the previous R2D transmission.

	CEWiT
	
	Fine to study both cases.

	Samsung
	
	On option 1, one clarification question: whether TR2D_max is used to limit the starting time or ending time of the R2D transmission and the D2R transmission, respectively? E.g. is TR2D_max the maximum time interval between ending time of R2D transmission and starting time of the corresponding D2R transmission following it?

	Nokia
	
	The listed options are okay for us. We might have understood the intention, but the timing acquisition would not be for AIoT device side in our understanding.  

	China Unicom
	Y
	

	Ericsson
	Y
	



For A-IoT device to acquire the reception timing for corresponding PRDCH transmission after PDRCH transmission, 
· [4], [5], [9], [17], [18] proposed to define a maximum time interval TD2R_max between a D2R transmission and the corresponding R2D transmission following it. 
· [8] think the maximum of this interval can be based on BS implementation and does not need to be specified.
Therefore, following proposal can be considered.
FL1 High Priority Question 6.1-2: For A-IoT device to acquire the reception timing for corresponding R2D transmission after D2R transmission, which option below or any other option is preferred for further study? 
· Option 1: Define a maximum time TD2R_max between a D2R transmission and the corresponding R2D transmission following it, so that the PDRCH transmission timing is within [TD2R_min, TD2R_max]. 
· Option 2: No need to specify the maximum time interval between a R2D transmission and the corresponding D2R transmission following it. 
	Company
	Y/N
	Comments

	Wiliot
	Y
	We support option1, as device design needs timing requirement for D2R  R2D.  

	Xiaomi
	Y
	We support option 1.

	Qualcomm
	
	Is it correct understanding that “A-IoT device receives corresponding R2D after D2R transmission” occurs only in contention-based access procedure? If so, better to clarify this and discuss this as part of contention-based access procedure.

	vivo
	Y
	We support option1
After transmitting msg1 (e.g., a random ID) during the access procedure, the device must wait for an acknowledgment of this ID. If the maximum time interval between msg1 and its subsequent acknowledgment is not specified, and the reader misses the ID, the device will continue to monitor the R2D transmission. This prolonged monitoring leads to unnecessary energy consumption.

	TCL
	Y
	We support option 1.

	DCM
	Y
	

	Panasonic
	Y
	Option 1

	InterDigital
	
	Agree with Qualcomm

	LG
	Y
	

	Lenovo
	Yes
	Same as above 

	FUTUREWEI
	
	Is there a typo for option 2 since the main bullet refers to the “A-IoT device to acquire the reception timing for corresponding R2D transmission after D2R transmission”
•	Option 2: No need to specify the maximum time interval between a D2R R2D transmission and the corresponding R2D D2R transmission following it.
For option 1, it is unclear what is meant by “PDRCH transmission timing” – is it PRDCH? It is unclear what a device is meant to do if the reader does not transmit a PRDCH by the TD2R_max

	Huawei, HiSilicon
	Y, option 1, Comments
	Option 1, however, the purpose of the maximum time between a D2R transmission and the following R2D transmission is to enable the device to power down and enter into a low power state in order to conserve energy. 
This is not meant to acquire the exact reception timing of the R2D transmission, since the start of the transmission is anyway indicated by the R2D preamble. 
We would like to simply the proposal to the following:
For A-IoT devices, define a maximum time TD2R_max between a D2R transmission and the corresponding R2D transmission following it.

	CEWiT
	Yes
	We support option 1.

	Samsung
	
	On option 1, one clarification question: whether TR2D_max is used to limit the starting time or ending time of the R2D transmission and the D2R transmission, respectively? E.g. is TR2D_max the maximum time interval between ending time of R2D transmission and starting time of the corresponding D2R transmission following it?

	Nokia
	Y
	We are okay for study. In our understanding, option 2 may not be proper in the current study item phase. We just need to study if the maximum time should be defined or not. Depending on the conclusion of our study, option 2 could be revisted.

	China Unicom
	Y
	Option 1.

	Ericsson
	
	We prefer Option 2. It should be enough with a minimum time (rather than a maximum time).



For TD2R_D2R_min 
· [2], [8], [26] proposed to clarify the case for the time interval between D2R and D2R transmission before studying the value(s) of it. 
FL1 Medium Priority Question 6.1-3: What is the use case for studying TD2R_D2R_min the minimum Time between two different consecutive D2R transmissions from the same A-IoT device?    
	Company
	Y/N
	Comments

	Wiliot
	Y
	Example use case is for sending several commands (like mask and then sensing command) to tags, and tag need to process each of them.

	xiaomi
	
	Maybe this is related to whether transmission segments can be considered, it is also related to energy status for a device. 

	Qualcomm
	
	Reader may want to keep a certain time gap between D2R and D2R for its process. Or, A-IoT device may want to keep a certain time gap between D2R and D2R for energy harvesting. This is up to other design details.

	vivo
	
	In our understanding, TD2R_D2R_min is similar to T7, which is defined as in-process reply time between Tag replies. But it is still not clear whether in-process reply should be supported for A-IoT. We suggest can further study TD2R_D2R_min at this stage.

	LG
	
	Agree with above companies’ views. TD2R_D2R_min can be considered in case when the device transmits the same TB to multiple PDRCHs, or if a timing gap is required in the middle of the transmission for energy harvesting.

	Lenovo 
	
	There may be an energy harvesting duration is needed between two different consecutive D2R transmissions from the same A-IoT device

	FUTUREWEI
	
	For a simple scheduling design and given the concerns about SFO, we do not see a use case between two different consecutive D2R transmissions from the same A-IoT device

	ZTE, Sanechips
	
	It should be further clarified whether the two consecutive D2R transmissions are caused by higher-layer service processes or the physical layer capabilities (such as implementation complexity etc).

	Huawei, HiSilicon
	
	In our understanding, this timing definition is not related to the access procedure, and we are not sure whether the D2R-D2R procedure will exist or not.
The proposal does not seem urgent for this meeting.

	CEWiT
	
	In case of device charging (device unavailability due to no charging) and device transmits its data packet over multiple PDRCH. 

	Samsung
	
	In case if we limit the D2R payload size due to timing drift and not consider midamble, e.g., to reduce device complexity, a D2R payload can be split into multiple successive D2R transmissions. 

	Nokia
	
	The device may need time between two consecutive D2R transmissions for energy harvesting. 

	Ericsson
	
	We may want to consider both device processing time and potential device unavailability due to energy harvesting.




Others
· [3] proposed to clarify the minimum processing time TR2D_R2D_min applies after a device receives a PRDCH intended for it.
· [8] proposed the maximum time for TR2D_R2D can be based on BS implementation and does not need to be specified.
· [14] proposed when sub-slot TDM is supported for multiple devices, TTDM,gap in addition to TR2D_min, TD2R_min can be studied, which means the time gap between adjacent sub-slot time resources. 
· [30] proposed to consider following
· time delay for forwarding of the received D2R signal/channel from the reader/ intermediate node (i.e., R2) for D2R reception to the reader/ intermediate node (i.e., R1) for R2D/CW transmission, in the case where the R1 and R2 are different.
· time delay for frequency retuning in device between R2D reception and D2R transmission, in the case where the FDD spectrums (i.e., DL band or UL band) for the R2D transmission and the D2R transmission are different.
· studying whether to provide longer timing (compared to normal UEs) during RACH procedure to ensure UL sync re-adjustment time for the intermediate node 
· [32] discussed some issues related to intermediate UE’s behaviors for Topology 2 with respect to scheduling and timing relationships.
	Company
	Y/N
	Comments

	LG
	
	Forwarding time delay and/or frequency retuning time delay can be further studied according to different scenarios and different topologies.



[bookmark: _Hlk159530086]6.2 Scheduling related aspects
For R2D transmission 
· MCS related information/parameters for different use cases and channel condition are proposed by [23] [13] [14] [6] [10] [6][32][9]. In addition,  
· [14] proposed chip duration, modulation, coding., can be carried in RD-preamble or PRDCH
· [9] proposed either fixed in the spec for small payload/command or explicitly/implicitly in the scheduling/control information for large payload/command
· [23], [13] does not explicitly differentiate the R2D and D2R transmission
· Meanwhile, [2] proposed that there is no need to indicate MCS, since for PRDCH, only OOK is applied, while FEC code is not supported

· TBS related information/parameters [1] [17] [28] [6] [10] [16] [13] [14] [9] [2]
· [14] proposed chip duration, modulation, coding., can be carried in RD-preamble or PRDCH
· [9] proposed either fixed in the spec for small payload/command or explicitly/implicitly in the scheduling/control information
· Meanwhile, [2] proposed that TBS of a PRDCH is known by the device from R2D preamble and postamble  

· Time domain resource allocation (TDRA) related information/parameters [10] [32] [16] [1] [17] [2] [25], including Transmission length indicated by scheduling information or postamble

· Frequency domain resource allocation (FDRA) related information/parameters	[10] [32] [1] [17] 
· [10] [32] [1] [17] proposed to study whether/how to know frequency domain resource for PRDCH or PDRCH
· Meanwhile,
· [2] mentioned that frequency domain location for PRDCH is not needed as the envelope detection used by Ambient IoT devices convert the RF signal at any frequency within the effective band to baseband
· [25] pointed out that transmission bandwidth is currently being discussed in another agenda item, and suggested to postpone the discussion on the indication in frequency domain after the decision is made

· Destination ID/AIoT Device ID/device identification[3] [4] [6] [10] [16] [32]
· [3] proposed to provide a destination ID early within PRDCH to allow devices to stop receiving the PRDCH for power saving. 
· [4] proposed that the control signals of PRDCH indicate A-IoT device IDs to indicate target A-IoT devices
· [16] proposed that the Higher-layer control information (e.g. Device/group ID) can be included in the scheduling information

· Timing delay for corresponding PDRCH following PRDCH [9], [12], [31], [32] 
· [12] timing delay for the PDRCH transmission to provide an ACK or a group of ACK
· [32] proposed that time gap b/w R2D transmission and the corresponding D2R transmission (KR2D_D2R), time gap b/w R2D transmission and the corresponding time window for slotted ALOHA (KR2D_TW)

· Traffic types proposed by [32]
· It may be necessary whether DT or DO-DTT is triggered is indicated and the subsequent A-IoT device is determined based on the indication. 

Given above and FL proposals in previous section, i.e., Proposal 3-4 for R2D chip length, Proposal 4.1.1-3 for R2D postamble, following proposal can be considered. 
FL1 Medium Priority Proposal 6.2-1: Study necessary information for PRDCH demodulation, at least including following: 
· TBS
· Coding scheme(s) (if more than one is supported) and Coding rate   
· FFS other necessary information 
	Company
	Y/N
	Comments

	xiaomi
	
	We agree with TBS; but maybe the coding schemes should be studied in 9.4.2.1.

	Qualcomm
	
	PRDCH may be just a short message such as R2D command triggering contention-based access procedure, R2D command that requests D2R transmission carrying information payload (similar to UHF RFID Read command), acknowledgement for the previous D2R transmission, etc. Or it may be a long message such as R2D information payload that requests a device to write the information into the memory (similar to UHF RFID Write command). It would be good to first identify what types of R2D transmissions need to be considered. Then we would see necessary control information for PRDCH.
We understand transport block size related information is necessary at least for PRDCH that carries information payload with variable information size (similar to UHF RFID Read command and Write command). For other PRDCH, it is not yet clear whether TBS related indication is necessary.
For PRDCH, what has been agreed was no FEC is baseline. We wonder what is indicated by “Coding scheme(s) (if more than one is supported) and Coding rate”.

	vivo
	Y
	We share the same view as FL that at least TBS and coding can be studied

	TCL
	Y
	

	DCM
	Y
	

	InterDigital
	
	Is this information that needs to be indicated in the PRDCH? For TBS, it may depend on whether the duration is indicated explicitly or if the device detects a postamble. In case of the latter, and if only “no coding” is supported, TBS does not need to be indicated.

	LG
	Y
	

	FUTUREWEI
	
	Agree to TBS. Unclear what coding scheme refers to (line coding, FEC). FEC may not be supported

	ZTE, Sanechips
	
	FL1 Medium Priority Proposal 6.2-1: Study necessary information for PRDCH demodulation, at least including following: 
· TBS
· Coding scheme(s) (if more than one is supported) and Coding rate 
· Repetitions
· FFS other necessary information 


	Huawei, HiSilicon
	N
	We do not think that the TBS and coding rate related information are required.
If we assume FEC is not supported, then the coding scheme and rate are not applicable for the PRDCH decoding. The TBS on the other hand, can be indicated by using the postamble to indicate the end of the transmission.
If a proposal is needed here, it could be just “Study necessary information for PRDCH demodulation”, and wait for other agreements to provide an answer automatically.

	CEWiT
	Y
	

	Nokia
	
	We think the necessary information should be FFS other than TBS. 

	Ericsson
	Y
	




For D2R transmission 
[2] [3] [29] [11] discussed that the scheduling information of a PDRCH transmission is provided by a corresponding PRDCH. It seems natural, hence following proposal can be considered
FL1 High Priority Proposal 6.2-2: Scheduling information of a PDRCH transmission if defined is provided by a corresponding PRDCH.  
	Company
	Y/N
	Comments

	xiaomi
	Y
	

	Qualcomm
	Y
	

	vivo
	Y
	Agree. Each PDRCH transmission is preceded by a corresponding PRDCH; therefore, the associated scheduling information can be conveyed through the PRDCH.

	TCL
	Y
	

	DCM
	
	This should be discussed in 9.4.2.3 according to rapporteur’s guidance.

	InterDigital
	Y
	

	LG
	Y
	

	Lenovo
	Yes
	

	FUTUREWEI
	Y
	

	Huawei, HiSilicon
	Y
	Can delete “if defined”, since there is clearly going to be scheduling information of PDRCH.
We think the next proposal may actually be a more direct approach, we could directly discuss that.

	CEWiT
	Y
	

	Samsung
	Y
	

	Nokia
	Y
	

	China Unicom
	Y
	

	Ericsson
	Y
	



· MCS related information/parameters [23][13][6][14][10][9][2][14][16], with the following details:
· [23] [13] does not differentiate the R2D and DR2 transmission
· [14] proposed that the information can be carried in RD-preamble or PRDCH
· [2] [14] proposed that at least the smallest time unit (e.g., chip length/duration), needs to be indicated
· [16] [9] proposed to include modulation, coding rate for D2R transmission

· TBS related information/parameters [1] [2] [6] [9] [10][13] [14] [17] [28]
· [13] does not differentiate the R2D and DR2 transmission
· [14] propsoed that TBS can be carried in RD-preamble or PRDCH

· Time domain resource allocation (TDRA) related information/parameters [1][28][10][24][31][17][16][2][25], with the follow details:
· Transmission length [1] [16] [17]
· Amount of time-domain resource [2]
· End of the transmission [25]

· Frequency domain resource allocation (FDRA) related information/parameters[28] [2] [6] [10] [16] [24] [1] [17]
· [6] mentioned that Frequency domain resource allocation is needed for A-IoT A-IoT device type 2a or 2b as more flexible resource allocation for D2R transmission in frequency domain may be feasible for these two types
· Meanwhile, [25] mentioned that that D2R in the frequency domain is highlikely to be transmitted transmitted within predetermined resources

· Repetition scheme [2] [6] [13] [16]
· [2] mentioned that repetition scheme should be considered for D2R coverage improvement
· [6] [16] proposed to include the number of repetitions
· [13] does not differentiate D2R and R2D transmission

· Destination ID/Device ID/Device identification [4] [6] [10] [16]
· [4] [16] proposed that the Device ID/group ID can be included in the scheduling information, but do not differentiate D2R and R2D transmission

· Session ID [16]
· [16] proposed that session ID can be included to prevent a same device from responding after successful completion of the procedure 

· Number of slots for slotted-ALOHA based access [16]
· [16] proposed to send this information for device to determine the number of slots to use for transmission during the contention

· Transmission types [16]
· [16] proposed to use 1 bit to indicate if the requested D2R transmission is for initiating contention-based procedure or for data/control transmission

· Power control [16]
· [16] proposed that the reader may want to control the transmit power for device capable of amplification to reduce the interference on other transmissions

Given above and FL proposal in previous section, i.e., Proposal 4.1.2-3 for D2R postamble, following proposal can be considered:  
FL1 Medium Priority Proposal 6.2-3: Study necessary scheduling information for PDRCH transmission, at least including following: 
· Modulation 
· Coding scheme(s) and coding rate
· Whether/How to know the frequency domain resource, chip length 
· Whether/How to know the transmission timing   
· FFS other necessary information 

	Company
	Y/N
	Comments

	xiaomi
	Y
	The modulation should be indicated only when multiple modulation schemes are supported.

	Qualcomm
	
	We are OK with the principle. However, it maybe good to see the progress on modulation/coding and chip rate before making decision on the first 3 bullets.
Regarding the 4th bullet, we can discuss without waiting for the other progress.

	vivo
	Y
	

	TCL
	Y
	

	DCM
	Y
	

	LG
	Y
	

	Lenovo
	Y
	

	FUTUREWEI
	
	

	ZTE, Sanechips
	
	FL1 Medium Priority Proposal 6.2-3: Study necessary scheduling information for PDRCH transmission, at least including following: 
· Modulation 
· Coding scheme(s) and coding rate
· Whether/How to know the frequency domain resource, chip length 
· Whether/How to know the transmission timing
· Repetitions   
· FFS other necessary information 


	Huawei, HiSilicon
	Y with comments
	For the 3rd bullet, is this referring to the frequency domain scheduling information? We feel that this information is required, assuming that FDMA is supported for D2R transmissions.
For the 4th bullet, is this referring to the time domain scheduling information? We feel that this information is also required, for the reader to inform the device as to when it can commence its transmission.

	CEWiT
	Y
	

	Samsung
	
	In addition, TBS or transmission duration, modulation scheme if multiple schemes are supported, amplification gain if applicable, can be considered.

	Nokia
	Y
	

	Ericsson
	Y
	




Others 
· [14] proposed no periodic system information is broadcast for A-IOT devices.
· [9] [10] discussed that dynamic A-IoT data scheduling should be the baseline and the periodic A-IoT data transmission and reception should be deprioritized.
· [17], [29] proposed repetition can be considered to improve the coverage performance and FFS further enhancements on the repetition number determination mechanism. 
· [5] proposed to study and clarify whether / how a UE performs CW transmission with the design of the frame structure.
· [24] proposed that activation of a carrier wave for passive tags is part of the scheduling procedure
· [32] also discuss relationship between a MAC PDU and a data transmission/reception in physical layer. It may be feasible that a MAC PDU is divided into multiple physical layer channels.
	Company
	Comments

	
	

	
	




Proposals for Offline 
7.1 Tuesday Offline 
[bookmark: _Hlk164166031]Proposal 3-1-1a: For R2D transmission, if OFDM-based waveform is used, the start of R2D transmission from reader perspective is aligned with the boundary of an NR symbol for in-band/guard-band operation.

Proposal 3-3-1a: A-IoT study does not assume the start and the end of a D2R transmission is aligned with NR symbol or NR slot boundary. 
· FFS whether/how to enable the alignment between the D2R transmission and NR symbol or NR slot boundary. 
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Appendix
Appendix A: Previous Agreements
	[bookmark: _Toc156813309]Frame structure and timing aspects
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.

Agreement
For A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied.

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

Agreement
For further discussion, the following terminologies are used for A-IoT for studying processing time aspects:
· TR2D_min: Minimum Time between a R2D transmission and the corresponding D2R transmission following it. 
· TD2R_min: Minimum Time between a D2R transmission and the corresponding R2D transmission following it.
· TR2D_R2D_min: Minimum Time between two different consecutive R2D transmissions to the same A-IoT device. 
· TD2R_D2R_min: Minimum Time between two different consecutive D2R transmissions from the same A-IoT device.
· The study 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 aspects

[bookmark: _Toc156813310]Downlink and uplink channel/signal aspects
Agreement
For ambient IoT devices, a dedicated physical broadcast channel for R2D, e.g. PBCH-like, is not considered for study.

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

Agreement
For ambient IoT devices, at least for D2R data transmission, a physical channel (PDRCH) is studied along with the following,
· Response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH
· FFS: Details of response
· FFS Whether/how/what D2R control information (if defined) is transmitted on the PDRCH
· Note: the naming of PDRCH is used for the sake of the study

[bookmark: _Toc156813308]General aspects of physical layer design
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.

Agreement
For R2D, line codes studied are: Manchester encoding and pulse-interval encoding (PIE).
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: Time domain definition of e.g., chips and relation to OFDM symbols, resource allocation unit, etc.

Agreement
Regarding FEC, R2D with no forward error-correction code (FEC) is studied as baseline.
· Evaluations would be by comparison to this baseline

Agreement
R2D study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target

Agreement
D2R study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target

Agreement
At least the following bandwidths for R2D are defined for the purpose of the study:
· Transmission bandwidth, Btx,R2D from a Reader perspective: The frequency resources used for transmitting R2D
· Occupied bandwidth, Bocc,R2D from a Reader perspective: The frequency resources used for transmitting R2D, and potential guard band
· Bocc,R2D ≥ Btx,R2D
· FFS: Further constraint(s) e.g. Bocc,R2D = Btx,R2D.
· Possible values of each bandwidth are FFS



Appendix B: Agreed clarifications on the work scope for A-IoT
	Proposal 3v2
· Regarding the objective in the SID: 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.
· This objective allows studying CW waveform characteristics which would need control of the CW node(s), e.g. waveform characteristics that impact interference such as when CW is transmitted or not transmitted, power, bandwidth, spectrum, etc.
· No SID revision is necessary

Proposal 2
· Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19
· The potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study [RAN2, RAN1]
· Duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds
· Note: this value can be revisited in future RAN plenary meetings, if necessary
· TR 38.848 clause 5.6 statement on latency remains the case with respect to a single device, i.e.: “NOTE: The time for charging the Ambient IoT device storage (if present) is not included in the latency defined above. Time for energy harvesting, charging, etc. is regarded as an implementation issue only.”
· No SID revision is necessary
 
Proposal 5v2
· RAN design targets for user experienced data rate, maximum message size, and moving speed of device: those can be used as assumptions in coverage evaluations, i.e. the coverage evaluations are done under the conditions that meet those targets.
· Evaluations of RAN design targets for latency and connection/device density are allowed by the Rel-19 SID and observations on those evaluations can be captured in the TR38.769
· Note: this is as per the SID: “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.”



Appendix C: Study item objectives in RP-240826 
	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, 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, which is the determination of whether BS or intermediate UE and ambient IoT device are near each other or not (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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