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1. Introduction
At the RAN#102 meeting [1], the new SI for Ambient IoT (A-IoT) was endorsed for R19. In the SID, the following study scope is mentioned for A-IoT functionalities in RAN1 part. In this contribution, we share our initial views on frame structure, synchronization/timing, random access, scheduling/timing relationships, and some of Topology 2 aspects, i.e., the cyan part below.
	2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination (coordination with SA3 is required for privacy aspects).
· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation. 
       For Topology 2, no difference in physical layer design from Topology 1.


Then, at the RAN1#116 meeting [2] and the RAN1#116bis meeting [3], the following agreements were reached for this agenda item.
	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

Agreement
For R2D transmission, if OFDM-based waveform is used, the start of R2D transmission from reader perspective is assumed to be aligned with the boundary of an NR OFDM symbol (including the CP) for in-band/guard-band operation.

Agreement
To determine or derive the end of PRDCH transmission, study at least following options:  
· Option 1: R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.       
· Option 2: Based on R2D control information.

Agreement
For the reader to acquire the end of PDRCH transmission, study at least following options:  
· Option 1: D2R postamble immediately follows the PDRCH
· Option 2: Based on control information

Agreement
For D2R transmission, study the necessity of midamble at least for the purpose of performing timing/frequency tracking or channel estimation or interference estimation, 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
· Timing/frequency accuracy
· Phase accuracy

Agreement
RAN1 study the R2D transmission without midamble as the baseline if Manchester encoding is used.
· FFS the necessity for the R2D transmission with midamble if PIE is used. 


Besides, the following information were distributed from the rapporteur before RAN1#116bis meeting. This document covers the yellow part below.
	For agenda 9.4.1.1 and 9.4.2.4
The CW scenarios discussed in 9.4.2.4 has been agreed in RAN1#116. For 9.4.1.1, it may also have the coverage/link budget evaluation scenarios. To be aligned with the agreements, it is expected that companies to clarify the assumption of CW when they discuss coverage/link budget evaluation scenarios in 9.4.1.1.  For example,  
· for the coverage evaluation D1T1-A(CW inside topology), what is the CW assumption: Case 1-1/1-2?
· for the coverage evaluation D2T2-B(CW outside topology), what is the CW assumption: Case 2-3/2-4?
It is also encouraged that companies to provide other important assumptions when they are providing the coverage/link budget evaluation.

For agenda 9.4.1.1 and 9.4.1.2
· For 9.4.1.1 evaluation, it is expected to agree on a few threshold value(s) for study the coverage only. The feasibility of these threshold can be further discussed in 9.4.1.2.

For agenda 9.4.2.2 and 9.4.2.3
Generally speaking, 
· Anything related to channel design (such as 38.211/212 related) is to be discussed in 9.4.2.3, 
· Anything related to procedure aspects (such as 38.213/214 related) is to be discussed in 9.4.2.2. 

To some specific aspects of topics, it is suggested as follows,
· synchronization procedure related aspects, e.g., periodic/aperiodic/on-demand, to be discussed in 9.4.2.2
· synchronization signals design, e.g., preamble (if any) and other signal design, to be discussed in 9.4.2.3
· physical channels (PRDCH, PDRCH), e.g., channel structure/payload/…, to be discussed in 9.4.2.3
· random access procedure related, to be discussed in 9.4.2.2
· random access channel if any, to be discussed in 9.4.2.3
· scheduling information, 
· which of the scheduling information to be indicated, e.g., TB size, resource allocation and anything related to scheduling and timing procedure, to be discussed in 9.4.2.2,
· how to indicate the scheduling information by a physical channel, to be discussed in 9.4.2.3.


Furthermore, the following guidance was announced by chair. This document considers this and thus does not include the aspect that will be discussed in RAN2.
	It is not in the scope of RAN1 to define the number of steps and the function of the message for each step in random access procedure. RAN1 can study contention resolution aspects at physical layer (in case of contention-based access) and how to use physical resources (in case of contention-free access), i.e. to study physical resources and physical channel(s)/signal(s) for contention-based and contention-free random access procedures that are agreed to be studied by RAN2 (please refer to RAN2 agreements).

In addition, companies are encouraged to contribute on aspects related to TBS in agenda 9.4.2.3, as the RAN2 Chair expressed that this would help RAN2 progress.



2. Discussions
2.1. Frame structure
2.1.1. Whether to consider alignment with NR symbol/slot boundary for D2R reception
	Proposal: The start and the end of a D2R reception that is not aligned with any NR time boundary (NR symbol or NR slot boundary) is studied as baseline.
· FFS whether it is feasible and necessary to enable additional mechanism for alignment between the D2R reception and a NR time boundary (NR symbol or NR slot boundary).

FL3: For future meeting, better to consider following points for further discussion:
· Whether/how to confine the D2R transmission within the NR symbols and/or slots with certain unalignment with the NR symbol/slot boundary for reader’s reception? 
· What the extent of certain alignment or non-alignment with the NR symbol/slot boundary by taking into account the device’s time error/drift 


At the last meeting, frame structure for R2D was agreed, i.e., at least R2D starting timing is aligned with NR OFDM symbol. Then similar proposal for D2R was prepared by FL as above captured. Our view on this issue is summarized as below and thus we support to study alignment between NR symbol/slot boundary and D2R reception.
· From NW perspective, it is better to reuse the legacy frame structure for easier coexistence between A-IoT and normal NR; at least slot boundary should be aligned. This does not mean A-IoT device shall know frame/slot index; otherwise, a lot of information and accordingly a lot of TX/RX are necessary between reader and A-IoT device. What A-IoT device needs to know would be slot boundary.
· From intermediate UE perspective, A-IoT UE transmission without time alignment burdens intermediate UE with complicated reception behavior.
· Besides, at the previous meeting, it was agreed that slotted-ALOHA based access is considered for contention-based access procedure. In our understanding, the main concept is that A-IoT devices are aligned in time and resource is selected based on the time-alignment; otherwise, it is actually the same as pure ALOHA system, where communication performance and resource efficiency are poor. Timing alignment among A-IoT devices leads to more accurate/efficient slotted-ALOHA.
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Fig.1: Problem in slotted-ALOHA without D2R alignment.

However, there was no consensus on D2R part after long discussion in online session. In the discussion, and as recommended by FL, there were/are several discussion points. Without clarifying those aspects, it will be quite difficult to reach consensus.
1) Definition of ‘alignment’
Although the R2D agreement and the D2R proposal are using ‘aligned’, the exact definition of ‘alignment’ is not defined enough, and companies may have different understanding. Here, we should see the existing NR spec. As per 38.133, even in normal NR, UL alignment at gNB RX is assumed with allowing TX timing error Te. That is, 3GPP spec (or basically wireless system) assumes not ‘perfect’ alignment. For A-IoT system, the same assumption should be feasible; ‘alignment’ for A-IoT should mean that slot/symbol boundary of D2R RX is included within a defined timing error.
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Fig.2: Definition of ‘alignment’.
2) Allowed timing error
Then, how large timing error is allowed is the key aspect. In 38.133, Te = 12*64*Tc = 12*64*1/(480*103*4096) = 0.39 μs for FR1 with 15 kHz SCS. Meanwhile, different value will be valid for A-IoT device. For A-IoT device, which value is allowed is dependent on e.g., SFO, chip length, modulation scheme, propagation delay, etc. 
Regarding observed timing error due to SFO, timing error per 1ms is: 100 μs when SFO = 105 ppm; 10 μs when SFO = 104 ppm; 0.1 μs when SFO = 100 ppm. Which SFO value should be considered is discussed below in this section.
For chip length, when chip length is e.g., 1/4 OFDM symbol = 16.7 μs, timing error in 1 μs order may be fine for OOK. Although the existing Te definition is independent to modulation scheme/order, it may be possible/reasonable to define the timing requirement based on modulation scheme/order for A-IoT system. For this purpose, assumption of gNB/intermediate UE reception/decoding behaivor should be clarified and used commonly among companies.
For propagation delay, timing advance is not performed in A-IoT system and thus timing error due to RTT is observed at a reader side. Based on the assumed coverage, the max 0.3 μs of RTT difference will be observed as timing error due to no TA mechanism. 
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Fig.3: Timing error due to SFO = 100 ppm and 0.3 μs RTT after 10 ms from post-sync.
3) Expected UE behavior for timing compensation
Details of SFO observed in A-IoT device should be clarified in 9.4.1.1/9.4.1.2. The initial SFO is large as argued by companies. Then, as discussed in our contribution [4], it may be valid that device can do compensation for SFO reduction in synchronization procedure, i.e., the post-sync SFO can be smaller by device implementation [5][6][7]; or it may not and thus SFO may never be reduced compared to the initial SFO. Companies have different views on this device behavior. After reaching common understanding, whether D2R signal alignment with NR symbol/slot boundary is feasible or not can be concluded.
For example, as described in the illustration below, sync signal (preamble, timing acquisition signal, etc.) has a specific duration. At the beginning of the sync signal reception, the initial SFO such as 104 ppm is observed. Meanwhile, at the end of the sync signal reception, device compensates SFO such as 100 ppm and subsequent transmission suffers from timing error as per (not SFO = 104 ppm but) SFO = 100 ppm. In this case, post-sync SFO should be considered for the D2R alignment instead of a large initial SFO. Our view is that at least some device types can do the SFO compensation and thus the post-sync SFO should be assumed.
[image: ]
Fig.4: Initial SFO vs Post-sync SFO.
Proposal 1:
· Study alignment between the D2R reception and a NR time boundary (NR symbol or NR slot boundary).
· Assume that post-sync SFO is much smaller than the initial SFO. 
· ‘Alignment’ allows Te timing error at reader side. Te value is defined in RAN4. Send an LS to ask RAN4 to define Te value.
Observation 1:
· At least for OOK with not so short chip, it may be possible that Te value is defined with order of 1 μs.

2.1.2. How to achieve alignment with NR symbol/slot boundary for D2R reception
Basically, there is no choice to achieve better synchronization other than reception of R2D sync signal right before D2R transmission. From this perspective, R2D sync signal should frequently be transmitted within D2R candidate slots regardless of which slot is actually used by devices based on slotted-ALOHA. Meanwhile, excessively frequent R2D sync signal leads to resource efficiency degradation. Less R2D sync signal is better as long as device can meet Te timing error at the end of its own D2R transmission.
Therefore, dedicated R2D sync signal transmitted semi-statically per N slots is a possible way (Option 1). Which N value should be supported is dependent on post-sync SFO and Te value. For the details of this mechanism, the following aspect should be discussed.
· How to achieve TDM between R2D and D2R
R2D sync signal should not be overlapped with any D2R transmission, so location of R2D sync signal needs to be defined clearly and D2R transmission must be performed such that it is not overlapped with the R2D sync signal. A possible option (Option 1-1) is that R2D sync signal is transmitted at the beginning per N D2R candidate slots and the remaining time resource in slots with R2D sync signal could be used for D2R transmission. 
Another option (Option 1-2) is that R2D-dedicated slots are defined per N slots within time window of slotted-ALOHA, and R2D sync signal is transmitted in the R2D-dedicated slots. The R2D-dedicated slots are not selected for D2R transmission but can be used for R2D data transmission with R2D sync signal; otherwise, resource efficiency is not so good.
Besides, switching gap between R2D sync signal RX and D2R TX should be defined, which is not TR2D_min. 
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Fig.5: R2D sync signal per N slots.
· Which sync signal to be received by each device
Although R2D sync signal is transmitted frequently as described above, there is no need to monitor all of them from each device perspective. What each device should do is to monitor R2D sync signal right before its own D2R transmission timing, and thereby, device can skip monitoring R2D sync signal from start of D2R candidate slots until right before R2D sync signal followed by its own D2R transmission.
Besides, another possibility the D2R alignment is to use CW as a kind of R2D sync signal (Option 2). For example, a phase shift (BPSK) of CW indicates a slot boundary. Device detects phase shift of CW, and performs its own transmission based on the timing of the phase shift. However, this option may not be considerable on top of the agreements so far; CW is agreed as unmodulated signal. Option 2 means another CW definition is necessary.
Proposal 2:
· For alignment between the D2R reception and a NR time boundary (NR symbol or NR slot boundary), study at least the following options.
· Option 1: R2D sync signal per N slots within D2R candidate slots in slotted-ALOHA.
· Option 2: Indication of NR time boundary via CW.
· E.g., a phase shift of CW means a NR slot boundary.
Proposal 3:
· For details of Option 1, 
· Option 1-1: R2D sync signal is TDMed with D2R TX in a candidate slot.
· Option 1-2: R2D sync signal is transmitted in R2D dedicated slots that are not selected for D2R TX.
· Discuss switching gap b/w R2D sync signal RX and D2R TX (This gap is not TR2D_min).
· Discuss which R2D sync signal is monitored, e.g., each A-IoT device monitors only the most recent R2D sync signal before its own D2R TX.
Observation 2:
· Option 2 needs one more agreement with respect to CW since CW is assumed to be unmodulated signal so far.


2.2. Synchronization
2.2.1. Periodic sync signal
As discussed above, a kind of periodic sync signal should be studied for the D2R alignment. It is noted that, periodic sync signal does not mean that such a signal is transmitted constantly. Only when D2R signal is expected, periodic R2D sync signal is triggered.
Proposal 4:
· Study temporarily periodic R2D sync signal at least after D2R transmission trigger until the end of the candidates for D2R 

2.2.2. Postamble
At the last meeting, agreements for R2D postamble and D2R postamble were reached with two options for each. Either one will be specified, but it seems that which option is better/necessary cannot be decided in this stage. How to detect the end of PRDCH/PDRCH transmission is highly relevant to other unstable aspects, such as post-sync SFO, applicable duration of a single PRDCH/PDRCH, etc. For instance, if a single PDRCH is defined with 14 NR symbols (or 14×N NR symbols) at most and post-sync SFO is assumed as much smaller than the initial SFO, R2D control information can indicate the PDRCH duration and reader can detect the end of the PDRCH with timing error that satisfies the requirement, that is, Option 2 is enough. Meanwhile, if a single PDRCH can be composed of a lot of chips (e.g., resulting in 1 sec TX) and/or the initial SFO is never reduced/compensated at device side, it may be better to define postamble so that reader can know the end of the PDRCH correctly.
Observation 3:
· For postamble in PRDCH/PDRCH, which option is better/necessary is dependent on other aspects, e.g., outcome of the discussion on post-sync SFO, the max duration of a single PRDCH/PDRCH, etc.

2.2.3. Midamble
The same observation as that for postamble can be applied to whether to define midamble.
Observation 4:
· For midamble in PRDCH/PDRCH, whether it should be defined is dependent on other aspects, e.g., outcome of the discussion on post-sync SFO, the max duration of a single PRDCH/PDRCH, etc.


2.3. A-IoT access procedure
	RAN2 Agreement
1. RAN2 confirms slotted-ALOHA is the baseline for Ambient IoT random access 
2. We will study the support for access triggering for a single device, group of devices, or all devices.    RAN2 to discuss the contention-based and contention-free access procedures and detailed solutions. 
3. Random Access is triggered by the reader 
4. Reader provides the information that the device needs to respond to the random access trigger.  FFS what those parameters are
5. Study the solution and benefits of both 2-step like random access procedure and 4-step like random access procedure.  FFS the details on each procedure and how we call it.  
6. Handling of contention resolution failure and access failure at the device will be studied in RAN2, including failure detection and re-access.  FFS details
7. For the very first access message from the device to reader in random access an ID is included.  RAN2 to discuss whether a temporary identifier is included


At the last RAN2 meeting, the above agreements were reached. Slotted-ALOHA based access procedure is confirmed and both 2-step and 4-step procedures are studied. As per chair’s guidance above captured, high-level concept of A-IoT access procedure such as step definitions is not discussed in this contribution.

2.3.1. Slotted-ALOHA-based resource determination in A-IoT contention-based access procedure
At least contention-based access procedure is supported and slotted-ALOHA is a possibility for the algorithm. In our understanding, the procedure is:
1) A time-unit with length Tslot is defined.
2) NW (e.g., reader) triggers transmission from A-IoT devices w/o device identification.
3) Each A-IoT device determines a set of the time-units for transmission resource candidates = time-window with length Twindow
4) One (or multiple) Tslot is selected from Twindow
[image: ]
Fig.6: Resource determination based on slotted-ALOHA
That is, for slotted-ALOHA, time unit is necessarily defined, which is the main factor of slotted-ALOHA compared to pure ALOHA. Details of the time unit Tslot should be discussed, and our preference is the time unit Tslot = N NR slot(s) in the slot-aligned system as proposed above.
Proposal 5:
· Discuss time unit Tslot for slotted-ALOHA, in consideration of frame structure.
· N NR slot(s) should be studied for the time unit.

In addition, RAN1 should discuss how to determine time window Twindow for time resource candidates, and in details, whether/how to adjust time window is an important question. In ISO 18000-6C UHF RFID, Q-algorithm is adopted, where Q-value determines the time window size, and it can be adjusted based on whether collision occurs. For 3GPP A-IoT, appropriate time window should be determined by NW scheduler and be indicated to A-IoT devices for each access. NW behavior is not defined in 3GPP spec basically, so this rule may be sufficient.
Proposal 6:
· 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.

2.3.2. Other than A-IoT contention-based access
In our understanding, it is feasible to trigger a single A-IoT device transmission in some use cases, which seems aligned with RAN2 assumption/agreement. In this case, contention-based access procedure is not required in principle. Meanwhile, whether each A-IoT device recognizes the difference and performs a different access procedure is unclear. Unified solution with contention-based access procedure may be sufficient, may not. For example, if the A-IoT contention-based access procedure is reused but time window size Twindow for resource candidates is a single time unit Tslot, a single time resource is identified, which may be better than introducing completely different access mechanism.
Proposal 7:
· 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 (e.g., Twindow = 1).


2.4. Scheduling/timing
2.4.1. Time gaps
The minimum time gaps agreed at the previous meeting (TR2D_min, TD2R_min, TR2D_R2D_min, TD2R_D2R_min) are relevant to A-IoT device’s processing time. A-IoT device is not expected to determine resources with smaller gap, or A-IoT device does not expect that resources with smaller gap are indicated.
Then, the maximum time gaps were discussed at the last meeting and not agreed yet. In our understanding, explicit definition of the max possible timing seems to be unnecessary when explicit scheduling is received. In NR, candidate values for UL scheduling are defined in spec and the max value implies the max possible timing. For scheduled R2D RX or D2R TX, when pre-indication of R2D RX or D2R TX is received at device, the device can decide potential TX/RX timing and know applicable sleep timing.
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Fig.7: No definition of the maximum time gap for scheduled D2R TX.
Meanwhile, when explicit scheduling is not received, for example, for R2D RX after D2R TX, the potential timing is unclear for device and the device may continue R2D RX without falling into a kind of sleep mode unless PRDCH is decoded or energy at the device becomes insufficient. To avoid such a wasted behavior, the max time gaps should be defined for unscheduled RX.
Proposal 8:
· For scheduled R2D RX (if any) or D2R TX (including TX based on slotted ALOHA), the timing or the timing candidates is indicated by reader. The max time gap is not defined explicitly.
· E.g., KR2D_TW: A time gap between a R2D transmission and start of time window for the corresponding D2R transmission
· Note: It is implied that A-IoT device needs to be capable of waiting for the last possible timing
Proposal 9:
· For unscheduled R2D RX, the max time gap from the corresponding R2D RX or D2R TX is defined and A-IoT device monitors until the defined timing.

2.4.2. Control information
For data TX or RX, R2D control information may be necessary. The following are candidates. It is noted that our companion contribution [8] includes the same kind of discussion since FL proposals for control information may be prepared in 9.4.2.3.
· Destination (e.g., device identifier). Which device is the target of R2D/D2R is necessary information, including differentiation of cast-types. One discussion point is that entire or a part of this information may be transmitted via R2D preamble or may not.
· Time-domain information. For example, 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), etc., For one more example, indication of the end of PRDCH/PDRCH as included in the previous agreements.
· Frequency-domain information. Whether FDM(A) is supported or not is under discussion in 9.4.1.2 and 9.4.2.1.
· MCS. What kind of MCS is supported and whether multiple MCSs are available are under discussion in 9.4.2.1.
An important discussion point is whether time gap is necessary b/w control RX and data RX. When control information is used for R2D data RX, a time gap may be needed for processing of control information
Proposal 10
· For PRDCH RX, R2D control information is transmitted by reader. Study at least the following control information:
· Destination; time-domain information; MCS
· For PDRCH TX, R2D control information is transmitted by reader. Study at least the following control information:
· Destination; time-domain information; frequency-domain information; MCS

2.4.3. D2R TX trigger
In our understanding, A-IoT device can perform transmission only when TX is dynamically triggered in R2D RX as mentioned in the previous section. This should be explicitly agreed since required scheduling design will be different if D2R transmission triggered by A-IoT device is necessary. How to consider DO-A should be discussed later as described in the SID.
Proposal 11
· D2R transmission is performed only when the transmission is dynamically triggered in R2D transmission from reader and/or CW transmitter.
· FFS: detailed triggering

2.4.4. Max duration of a single PRDCH/PDRCH, Definition of TB
An important aspect related to scheduling is the maximum duration of a single PRDCH/PDRCH, in other words, definition of TB. Based on discussion so far, we guess that there may not be common understanding regarding ‘a single PRDCH/PDRCH’ or ‘Transport block’. The following two understandings are observed.
· Understanding #1: A TB is defined with the whole of a ‘message’ with 96 ~ 1000 bits, and a single PRDCH/PDRCH continues until completion of transmitting the whole
· Understanding #2: The max time duration for a single PRDCH/PDRCH is defined in a certain range (e.g., 14 NR symbols, X chips, etc.), and a ‘message’ with 96 ~ 1000 bits is divided into multiple PRDCHs/PDRCHs when the message size is not enough for a single PRDCH/PDRCH. This is NR-like mechanism.
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Fig.8: Max duration of a single PRDCH/PDRCH, Definition of TB.
According to the TR 38.848, the maximum message size is captured as 1000bits, however, it is sceptical for us that such large message can be carried in a single physical channel. Considering the physical layer design such as modulation scheme, e.g., limited M value for OOK, BPSK or BFSK as candidate modulation scheme, it may require a few seconds to transmit such large message. A message with 1000 bits is intended for higher layer or application layer. This discussion can be found in our companion contributions as well [4][8].
Proposal 12
· Clarify the max duration of a single PRDCH/PDRCH and definition of transport block for a message with 96 ~ 1000 bits.
Observation 5:
· A message with 1000 bits is intended for higher layer or application layer and there is no need to accommodate such a message in a single physical channel.

2.4.5. Scheduling of intermediate UE by BS in Topology 2
	RAN2 Agreements
1. Unless explicitly stated all agreements apply to all device types and for both topologies.  
2. From RAN2 perspective, the aim is that the design on the interface between reader and A-IoT device is common for topology 1 and topology 2.  
3. RAN2 will support two use cases, “inventory” and “command”.  The definition, detailed wording is FFS
4. Baseline procedure:
Step A: Based on the service request, the reader sends the Initial Trigger Message indicating device(s) that need to respond; Details FFS
Step B: Triggered device(s) performs the random access-like procedure, if needed; Details FFS
Step C: The device may perform the data communication with the reader as needed,: Details FFS
5. We will study the support of both “inventory” and “command” in the same procedure.  
6. FFS if Initial Trigger Message can also include “command”.  
7. RAN2 will continue the study of ambient IoT assuming no support of AS security until SA3 provides further input.   


In our view, Topology 2-specific issues should be discussed. Although the SID describes ‘For Topology 2, no difference in physical layer design from Topology 1’, it means that interface b/w reader and A-IoT device is transparent, as confirmed at RAN2. A-IoT device does not need to differentiate Topology 2 with Topology 1 and thereby the same behavior is performed at A-IoT device regardless of actual topology. 
Meanwhile, RAN1 specification should describe intermediate UE’s behaviors with respect to scheduling and timing relationships, i.e., interface b/w BS and intermediate UE should be discussed. For example, at least the following problems with respect to scheduling and timing relationships should be solved in 3GPP specifications.
· How to schedule intermediate UE’s transmission/reception in communication with A-IoT UE, e.g., via scheduling DCI. Timing/resource of transmission/reception at intermediate UE for communication with A-IoT device should be controlled by gNB. If the information is dynamically indicated by gNB, PHY layer indication between gNB and intermediate UE is necessary. Otherwise, the transmission/reception timing at intermediate UE would be controlled by gNB via higher layer semi-statically.
· Reporting behavior after communication b/w intermediate UE and A-IoT UE, e.g., how to schedule reporting timing/resource from intermediate UE, which contents to be reported, etc. Intermediate UE would report what received from A-IoT UE to gNB, and hence the reporting behavior at intermediate UE should be studied while there may be no PHY layer impacts, i.e., indication/report via higher layer.
· SCS/BWP switching rule if required, e.g., whether the existing BWP switching mechanism is used when SCS of signal for A-IoT UE is different. For example, UL BWP and corresponding SCS for the intermediate UE may not be aligned with those for R2D transmission. DL BWP and corresponding SCS for the intermediate UE may not be aligned with those for D2R reception. Specification impacts on these aspects should be discussed.
· Processing time requirement b/w scheduling and transmission at intermediate UE, including SCS switching and/or waveform switching aspects. For example, minimum preparation time between the reception of request from gNB to transmit a signal to A-IoT UE and transmission of the signal to A-IoT UE. For one more example, minimum preparation time between the reception from A-IoT UE and transmission of the reporting from A-IoT UE to gNB.
· Overlap handling at intermediate UE. It should be studied whether/how to handle DL reception and R2D transmission, or UL transmission and D2R reception, or UL transmission and R2D transmission, overlapped in time at intermediate UE. While it can be handled by gNB implementation not to overlap any transmission/reception at intermediate UE as one possible solution, it would make the scheduler complicated and may not be preferable from such perspective.
Observation 6:
· RAN1 specification should describe intermediate UE’s behaviors with respect to scheduling and timing relationships.
Proposal 13:
· RAN1 discuss/clarify intermediate UE’s behaviors with respect to scheduling and timing relationships.
· How to schedule intermediate UE’s transmission/reception in communication with A-IoT UE, e.g., scheduling DCI.
· Reporting behavior after communication b/w intermediate UE and A-IoT UE, e.g., how to schedule reporting timing/resource from intermediate UE, which contents to be reported, etc.
· SCS/BWP switching rule if required, e.g., whether the existing BWP switching mechanism is used when SCS of signal for A-IoT UE is different.
· Processing time requirement b/w scheduling and transmission at intermediate UE, including SCS switching and/or waveform switching aspects.
· Overlap handling at intermediate UE, e.g., UL transmission vs PRDCH reception.


3. Conclusion
In this contribution, we discussed frame structure and timing aspects for A-IoT. Observations/Proposals are summarized as following: 
Proposal 1:
· Study alignment between the D2R reception and a NR time boundary (NR symbol or NR slot boundary).
· Assume that post-sync SFO is much smaller than the initial SFO. 
· ‘Alignment’ allows Te timing error at reader side. Te value is defined in RAN4. Send an LS to ask RAN4 to define Te value.
Observation 1:
· At least for OOK with not so short chip, it may be possible that Te value is defined with order of 1 μs.
Proposal 2:
· For alignment between the D2R reception and a NR time boundary (NR symbol or NR slot boundary), study at least the following options.
· Option 1: R2D sync signal per N slots within D2R candidate slots in slotted-ALOHA.
· Option 2: Indication of NR time boundary via CW.
· E.g., a phase shift of CW means a NR slot boundary.
Proposal 3:
· For details of Option 1, 
· Option 1-1: R2D sync signal is TDMed with D2R TX in a candidate slot.
· Option 1-2: R2D sync signal is transmitted in R2D dedicated slots that are not selected for D2R TX.
· Discuss switching gap b/w R2D sync signal RX and D2R TX (This gap is not TR2D_min).
· Discuss which R2D sync signal is monitored, e.g., each A-IoT device monitors only the most recent R2D sync signal before its own D2R TX.
Observation 2:
· Option 2 needs one more agreement with respect to CW since CW is assumed to be unmodulated signal so far.
Proposal 4:
· Study temporarily periodic R2D sync signal at least after D2R transmission trigger until the end of the candidates for D2R 
Observation 3:
· For postamble in PRDCH/PDRCH, which option is better/necessary is dependent on other aspects, e.g., outcome of the discussion on post-sync SFO, the max duration of a single PRDCH/PDRCH, etc.
Observation 4:
· For midamble in PRDCH/PDRCH, whether it should be defined is dependent on other aspects, e.g., outcome of the discussion on post-sync SFO, the max duration of a single PRDCH/PDRCH, etc.
Proposal 5:
· Discuss time unit Tslot for slotted-ALOHA, in consideration of frame structure.
· N NR slot(s) should be studied for the time unit.
Proposal 6:
· 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.
Proposal 7:
· 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 (e.g., Twindow = 1).
Proposal 8:
· For scheduled R2D RX (if any) or D2R TX (including TX based on slotted ALOHA), the timing or the timing candidates is indicated by reader. The max time gap is not defined explicitly.
· E.g., KR2D_TW: A time gap between a R2D transmission and start of time window for the corresponding D2R transmission
· Note: It is implied that A-IoT device needs to be capable of waiting for the last possible timing
Proposal 9:
· For unscheduled R2D RX, the max time gap from the corresponding R2D RX or D2R TX is defined and A-IoT device monitors until the defined timing.
Proposal 10
· For PRDCH RX, R2D control information is transmitted by reader. Study at least the following control information:
· Destination; time-domain information; MCS
· For PDRCH TX, R2D control information is transmitted by reader. Study at least the following control information:
· Destination; time-domain information; frequency-domain information; MCS
Proposal 11
· D2R transmission is performed only when the transmission is dynamically triggered in R2D transmission from reader and/or CW transmitter.
· FFS: detailed triggering
Proposal 12
· Clarify the max duration of a single PRDCH/PDRCH and definition of transport block for a message with 96 ~ 1000 bits.
Observation 5:
· A message with 1000 bits is intended for higher layer or application layer and there is no need to accommodate such a message in a single physical channel.
Observation 6:
· RAN1 specification should describe intermediate UE’s behaviors with respect to scheduling and timing relationships.
Proposal 13:
· RAN1 discuss/clarify intermediate UE’s behaviors with respect to scheduling and timing relationships.
· How to schedule intermediate UE’s transmission/reception in communication with A-IoT UE, e.g., scheduling DCI.
· Reporting behavior after communication b/w intermediate UE and A-IoT UE, e.g., how to schedule reporting timing/resource from intermediate UE, which contents to be reported, etc.
· SCS/BWP switching rule if required, e.g., whether the existing BWP switching mechanism is used when SCS of signal for A-IoT UE is different.
· Processing time requirement b/w scheduling and transmission at intermediate UE, including SCS switching and/or waveform switching aspects.
· Overlap handling at intermediate UE, e.g., UL transmission vs PRDCH reception.
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