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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.



2. Discussions
2.1. Synchronization / Frame structure
Point#1: Which kind of ‘synchronization’ is necessary?
In the current NR system, each UE have time/frequency alignments in symbol/sub-carrier level, in slot-index/PRB-index level, and in frame/carrier level. For this purpose, a lot of information and accordingly a lot of TX/RX are necessary b/w gNB and UE. However, A-IoT UE would not have capability for synchronization in the same level with conventional UEs. Energy limitation of A-IoT UE may not enable such a lot of TX/RX and initial sampling frequency offset (SFO) up to 10X ppm referred in the SID may make the same level synchronization quite difficult. In that sense, (coarse) symbol/sub-carrier level synchronization or slot-boundary/PRB-boundary level synchronization may be feasible for A-IoT UE. At least synchronization in symbol/sub-carrier level will be essential; otherwise, A-IoT UE reception may be difficult and also A-IoT UE transmission burdens BS/intermediate UE with complicated reception behavior.
This question can be understood as “which kind of information is necessary via synchronization signal for A-IoT”. In NR, a lot of information is transmitted/received via synchronization behavior: i.e., cell ID, SFN, half frame index, subcarrier offset, cell barred, cell reselection, SCS of RMSI, PDSCH DMRS type, RMSI PDCCH config., MSBs of SSB index. However, all or at least some of these are unnecessary. For example, cell ID and cell reselection would not be received at A-IoT UE since mobility in terms of HO and cell selection/reselection is not expected.
Proposal 1:
· Discuss which kind of synchronization-level is necessary, i.e., which kind of system information (e.g., slot boundary, PRB boundary, slot index, PRB index, frame index, carrier frequency, carrier bandwidth) should be known at A-IoT UE.
Observation 1:
· Synchronization in the conventional level may not be valid for A-IoT UE due to available energy limitation and initial SFO up to 10X ppm.
· Synchronization in symbol/sub-carrier level or slot-boundary/PRB-boundary level may be feasible for A-IoT UE.

Point#2: Whether signal that can be used for synchronization is the initial signal to trigger communication behavior?
For synchronization b/w system and A-IoT UE, UE state assumption should be aligned among companies. Design of synchronization aspect for A-IoT UE is dependent on this point. 
· A) For a possibility, A-IoT UE does not have any energy and BS transmits signal for energy source first, then A-IoT UE attempts to receive signal that can be used for synchronization.
· B) For another possibility, A-IoT UE does not have any energy and BS transmits signal for both purposes of energy source and synchronization, then A-IoT UE has synchronization right after waking-up.
· C) For further another possibility, it may be assumed that A-IoT UE has some energy for signal reception (e.g., by a non-3GPP-based mechanism such as energy harvesting with light/heat/vibration) and BS can transmit signal anytime in 3GPP spec that can be used for synchronization, then it is assumed that any A-IoT UE that is target of communication with the BS can attempt to receive the signal surely.
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Fig. 1: Possibilities of initial step for communication
In our current view, at least a signal for energy source should be defined in 3GPP spec. As the reasons,
· For example, each source of energy harvesting may be available in some scenarios but unavailable in other scenarios. For the latter case, A-IoT UE may support multiple sources, which leads to higher cost. This is a problem from each A-IoT UE perspective. 
· For another example, as a problem from NW perspective, each of A-IoT UEs may have different energy harvesting performance. If energy harvesting performance of some A-IoT UEs are insufficient compared to what cellular NW assumes, system may not work well, and resource efficiency may degrade.
· For further another example from NW perspective, some A-IoT UEs may not be capable of energy harvesting from other than RF signal, and RF signal from other than base station may not be available in some scenarios (e.g., closed area). Then, BS may not always transmit RF signal that can be received by A-IoT UE, e.g., non-full buffer scenario, NW with NES techniques, etc. In such a case, when communication is triggered at BS, anyhow the BS needs to transmit energy source initially that can be received at A-IoT UE definitely.
Based on these aspects, we suggest specifying a signal for energy source. Accordingly, synchronization procedure should be defined assuming that the signal for energy source exists. In other words, we should decide the energy source perspective first, and before that, synchronization procedure discussion should be pending.
Proposal 2:
· Clarify assumption with respect to available energy at A-IoT UE when BS triggers a communication flow.
· Discuss detailed procedure b/w communication trigger at BS and signal reception for synchronization at A-IoT UE.
Observation 2:
· It may be necessary to discuss and define a signal for energy source.
· Energy harvesting unspecified in 3GPP spec instead of the signal for energy source is available as long as the performance is not lower.

Point#3: Which time/frequency resource is used for synchronization signal?
Complicated monitoring such as SSB blind detection by normal UE is energy-consuming and thus may not be feasible for A-IoT UE. Completely different synchronization behavior at A-IoT UE should be discussed and defined. Which mechanism should be taken would be relevant to whether a signal for energy source is defined or not. For example, one possibility may be course time/freq. resource determination of signal for synchronization based on time/freq. resource of the signal for energy source. 
Proposal 3:
· Discuss which time/frequency resource is used for signal that can be used for synchronization.
· E.g., (if a signal for energy source is defined,) time/frequency resource candidates of signal that can be used for synchronization are associated with the signal for energy source.

Point#4: Whether periodic synchronization signal can/should be monitored as in the existing NR or aperiodic synchronization signal is transmitted?
In the conventional cellular system, SSB is a periodic signal, and each UE performs SSB detection over a long period. Meanwhile, although A-IoT UE has energy storage, monitoring synchronization signal for such a long time may not be feasible for A-IoT UE. Aperiodic signal that can be used for synchronization may be more reasonable. For example, when communication is triggered at BS, the BS transmits a signal for synchronization in an aperiodic manner after a signal for energy source, with small time-gap or without any time-gap. 
This discussion of periodic vs aperiodic may be relevant to cast type of signal for synchronization, i.e., broadcast vs groupcast/unicast. If groupcast/unicast transmission is assumed, aperiodic mechanism is better from resource efficiency perspective. With respect to this point, cast type aspects are mentioned in another our contribution [2]. As discussed there, at least unicast DL traffic is to be supported. Therefore, unicast signal for synchronization may also be preferred while further discussion on details is required. Otherwise, a lot of non-target A-IoT UEs shall perform synchronization and data decoding attempt unnecessarily. Also from this motivation, aperiodic signal for synchronization purpose seems to be better.
One note relevant to this discussion point is that the existing SSB with 20 MHz BW will not be available for A-IoT UE due to its supporting BW, probably around 180 kHz.
Proposal 4:
· Discuss which periodic signal or aperiodic signal is used for synchronization purpose.
· Support at least aperiodic signal for synchronization purpose.
· Discuss which cast type is considered for signal that can be used for synchronization.
Observation 3:
· Unicast signal for synchronization may be desirable for unicast DL traffic.

Point#5: How long A-IoT UE can maintain synchronization?
The last important aspect for synchronization discussed in this contribution is validity duration of synchronization at A-IoT UE. Synchronization b/w BS and A-IoT UE can be maintained from the timing of synchronization completion until a time period has passed. The time period of A-IoT UE may not be so long as the SID mentions initial SFO up to 10X ppm. This aspect has a big impact on communication procedure b/w BS and A-IoT UE. For example, if the time period is small, BS shall allocate earlier resources to complete communication, or A-IoT UE shall do re-synchronization in the middle of a communication sequence and corresponding signal shall be defined/transmitted/received.
Proposal 5:
· Discuss how long A-IoT UE can maintain synchronization and whether/how to avoid synchronization error in the middle of a communication sequence.
Observation 4:
· A-IoT UE may not maintain synchronization for a long period and thereby some mechanism to solve/avoid this issue may be necessary.


2.2. Random access
Point#1: Motivation/definition of random access
For random access, at first, we believe that motivation and definition should be clarified. At least in the current stage, we do not see any motivation to define random access mechanism for A-IoT UE.
· 1-1: Who triggers a communication sequence, A-IoT UE or NW/application, needs to be clarified
Although discussion in the last section is based on assumption that a communication is triggered at BS, it may not be valid in some scenarios. This question asks whether PRACH-like transmission is necessary or not. If NW/application does the trigger, it is feasible that BS starts signal transmission for each required communication without signal reception from A-IoT UE. Meanwhile, if A-IoT UE does the trigger, some signal transmission from A-IoT UE to request communication may be necessary while how A-IoT UE obtains energy to do the transmission may be unclear when a signal for energy source is undefined. Our current understanding is that BS-based approach can be focused at least before starting discussion on DO-A. 
· 1-2: Whether UE contention resolution is necessary before data communication
Although each UE is identified in initial access in the conventional NW, it may not be feasible for A-IoT UEs as mentioned in [2]. This question asks whether Msg2/Msg3/Msg4-like communications are necessary or not. To accommodate massive number of A-IoT UEs, it is suspicious that existing contention resolution by RACH procedure would work for A-IoT UEs. Then, the following three directions should be considered:
i) UE specific identifier can be implemented for A-IoT UEs, and NW knows which A-IoT UE is expected to be in a cell in advance.
ii) NW provides large number of communication resources and contention-based approach without UE identification from scheduling perspective is taken with or without mitigation mechanism of contention probability. Whether this is feasible or not would depend on assumed payload size, defined channel/signal structure for data TX, etc.
iii) Each A-IoT UE reports its own identifier and then NW performs scheduling for each in a contention-free manner. As abovementioned, this should be realized by other than the existing RACH procedure.
In summary, if contention resolution is possible by other than same as or similar to the existing random access, it should be introduced; otherwise, i) or ii) above should be prioritized.
· 1-3: Whether TA is necessary for A-IoT transmission
In the current specification, TA value is provided in Msg2. However, to begin with, it is questionable that TA is really necessary for A-IoT UE. In the SID, it is described that the maximum coverage in R19 A-IoT is 50 m. This corresponds to approximately 0.3 μs RTT. NR CP duration is 4.69 μs for 15 kHz SCS and 2.34 μs for 30 kHz SCS. Smaller SCS such as 7.5 kHz or 3.75 kHz may be introduced, but larger CP duration will be defined for these SCSs. That is, the max RTT for A-IoT is much shorter than CP duration. Delay spread is also quite small, UL delay compared to DL timing at gNB is not over CP duration, and accordingly TA is unnecessary for A-IoT UE.
· 1-4: What is the difference b/w random access transmission and data transmission, especially from Type i device
For Type i device, which supports only backscattered transmission on a provided carrier wave, a carrier wave is necessary for a random access transmission, if defined. It would be true that the backscattered random access transmission can include the same contents as in data transmission. In this consideration, necessity of random access is unclear.
Observation 5:
· For DT/DO-DTT, it can be assumed that a communication sequence is triggered at BS without PRACH-like signal.
· Contention resolution by same as or similar to the existing random access is not reasonable for A-IoT.
· TA is unnecessary for A-IoT transmissions.
· With respect to backscattered transmissions, there would be no difference b/w data transmission and random access transmission in PHY layer.
Proposal 6:
· Random access that is same as or similar to the conventional random access (i.e., with dedicated physical layer channel/signal such as PRACH) is not defined for A-IoT UE.

Point#2: (if supported,) required information/steps for random access
This discussion should be deprioritized unless it is agreed that random access is supported for A-IoT UE.

Point#3: (if supported,) which channel/signal is used and which resource is allocated/determined
This discussion should be deprioritized unless it is agreed that random access is supported for A-IoT UE.


2.3. Scheduling and timing
Point#1: Flow details after synchronization (and random access, if supported)
After synchronization, data transmission and/or reception are performed. In the current specification for conventional UEs, control signal is received via PDCCH, and corresponding data is transmitted or received based on the control information. Meanwhile, the same mechanism may not be feasible. At least blind detection of PDCCH is too complicated for A-IoT UE and thus this way should not be reused. In this sense, the following options can be listed:
i) A PHY control channel is defined, and the resource is fixed or determined based on signal for synchronization. The channel is received without blind detection and a PHY data channel defined separately is received or transmitted based on the control information. 
ii) PHY control channel is not defined and a PHY data channel containing control information in higher layer is received based on signal for synchronization. Then another PHY data channel containing data is received or transmitted based on the control information.
iii) PHY control channel is not defined and a PHY data channel containing data is received or transmitted based on signal for synchronization. 
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Fig. 2: Flow details for data receptions
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Fig. 3: Flow details for data transmissions
Proposal 7:
· A PHY DL control channel that requires blind decoding is not defined for A-IoT.
· Discuss whether/how to transmit control information for data transmission or reception.

Which option is the best one is dependent on at least data size, whether control information is necessary or not, whether contention resolution has been completed or not, and how to do contention resolution or contention-based approach. 
Regarding data size, the maximum message size is 1000 bits as described in TR 38.848. However, this does not mean that data size is always approximately 1000 bits. Message size may be different among transmissions/receptions. Thus, for TBS alignment and also for flexible resource scheduling, at least corresponding control information would be necessary. Otherwise, for example, after UL transmission is triggered, when UL transmission has been completed is unclear at BS. BS may not provide sufficient number of resources for backscattered UL or may need to wait for the end of internally generated UL by avoiding resource scheduling for the same frequency/code. 
Regarding contention aspects, e.g., if contention resolution has not been completed, control information on scheduling a lot of resources may be necessary for UL. e.g., if contention resolution has been completed, control information on which UE should receive the corresponding data may be necessary for DL; otherwise, reception of unicast data is unnecessarily performed by all A-IoT UEs in a cell without dedicated resource allocation.
Besides, differentiation b/w DT and DO-DTT may be necessary as discussed in [2] though it depends on exact definition of DT/DO-DTT. If they are different in PHY layer’s point of view, a corresponding information may be necessary.
In summary, at least i) or ii) seems to be adopted. Further analysis and discussion are necessary to decide which option is adopted.
Proposal 8:
· At least control information for data transmission or reception is transmitted on a resource determined based on signal for synchronization.
· Discuss whether a PHY control channel is defined or a PHY data channel conveys control information in higher layer.

Point#2: Resource indication/determination for data transmission or reception
Regardless of whether control signal is transmitted or not, resource for data transmission or reception should be determined for each A-IoT UE. For this purpose, the following three mechanisms can be considered:
i) Signal for synchronization or control signal indicates resource for data transmission or reception. For example, time/frequency offset relative to the signal is indicated.
ii) Association with resource of signal for synchronization or control signal is pre-determined, e.g., when A-IoT system is deployed. For example, when the signal is received at time t1 and frequency f1, then resource of data transmission or reception is determined as at time t2 and frequency f2. The association between them may be a UE-specific approach, e.g., based on UE-ID.
iii) Fixed resource relative to resource of signal for synchronization or control signal is always used. For example, when the signal is received at time t1 and frequency f1, then time-domain resource of data transmission or reception is contiguous symbols and frequency-domain resource is the same (unchanged).
Further discussion is necessary, but at least it should be noted that different option is possible b/w time-domain and frequency-domain and/or b/w DL and UL, and that any combined approach is also possible.
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Fig. 4: Resource determination for data transmission or reception.
Proposal 9:
· Discuss how to determine resource for data transmission/reception. The following options can be considered.
· Option 1: Signal for synchronization or control signal indicates the resource.
· Option 2: The resource is determined based on pre-determined association with resource of signal for synchronization or control signal.
· Option 3: The resource is relatively fixed such as contiguous symbols at the same frequency compared to resource of signal for synchronization or control signal.

Point#3: Association b/w a single data TX/RX and a MAC PDU
Another important aspect is definition of data-transmission per physical channel TX or data-reception per physical channel RX. In the existing NR spec, MAC layer generates a MAC PDU, and it is passed to PHY layer. PHY layer recognizes it as a TB, and transmits the TB after channel coding, CRC attachment, modulation, and so on. Meanwhile, it does not mean that the same way is the best for A-IoT. Data rate/latency requirements for A-IoT UE are not so high, available bandwidth will be quite limited, but a message size (e.g., a MAC PDU containing a MAC SDU for an application packet) could be approximately 1000 bits. In that sense, it may be feasible that a MAC PDU is divided into multiple physical layer transmissions without large overhead increase. For example, for a MAC PDU with 1000 bits, A-IoT UE may perform 10 physical channel transmissions/receptions with 100 bits per transmission/reception. This kind of discussion should be done for A-IoT. For the discussion, it should be noted that higher layer packet segmentation leads to large overhead increase and thus the solution may not be preferred for A-IoT. 
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Fig. 5: A MAC PDU divided into multiple physical layer channels.
Proposal 10:
· Discuss relationship b/w a MAC PDU and a data transmission/reception in physical layer.
· E.g., a MAC PDU is divided into multiple physical layer channels.


2.4. Topology 2-related topics
In our view, Topology 2-specific issues should be discussed as mentioned in [2]. Although the SID describes ‘For Topology 2, no difference in physical layer design from Topology 1’, our interpretation is that A-IoT UE does not need to differentiate Topology 2 with Topology 1 and thereby the same behavior is performed regardless of actual topology.
For example, at least the following problems with respect to scheduling and timing relationships should be solved in 3GPP specifications.
· [bookmark: _Hlk159102650]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 transmission to A-IoT UE.
Note that there are other problems that should be discussed in RAN1, such as band problem pointed out in [2], i.e., which band is used from perspective of intermediate UE; if DL for A-IoT UE is performed in DL band for the unified rule b/w Topology 1 and Topology 2, this means that intermediate UE performs transmission at DL band, which may not be aligned in the current regulations in a lot of countries/regions.
Observation 6:
· RAN1 specification should describe intermediate UE’s behaviors with respect to scheduling and timing relationships.
Proposal 11:
· 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 transmission to A-IoT UE.


3. Conclusion
In this contribution, we discussed frame structure and timing aspects for A-IoT. Observations/Proposals are summarized as following: 
Proposal 1:
· Discuss which kind of synchronization-level is necessary, i.e., which kind of system information (e.g., slot boundary, PRB boundary, slot index, PRB index, frame index, carrier frequency, carrier bandwidth) should be known at A-IoT UE.
Observation 1:
· Synchronization in the conventional level may not be valid for A-IoT UE due to available energy limitation and initial SFO up to 10X ppm.
· Synchronization in symbol/sub-carrier level or slot-boundary/PRB-boundary level may be feasible for A-IoT UE.
Proposal 2:
· Clarify assumption with respect to available energy at A-IoT UE when BS triggers a communication flow.
· Discuss detailed procedure b/w communication trigger at BS and signal reception for synchronization at A-IoT UE.
Observation 2:
· It may be necessary to discuss and define a signal for energy source.
· Energy harvesting unspecified in 3GPP spec instead of the signal for energy source is available as long as the performance is not lower.
Proposal 3:
· Discuss which time/frequency resource is used for signal that can be used for synchronization.
· E.g., (if a signal for energy source is defined,) time/frequency resource candidates of signal that can be used for synchronization are associated with the signal for energy source.
Proposal 4:
· Discuss which periodic signal or aperiodic signal is used for synchronization purpose.
· Support at least aperiodic signal for synchronization purpose.
· Discuss which cast type is considered for signal that can be used for synchronization.
Observation 3:
· Unicast signal for synchronization may be desirable for unicast DL traffic.
Proposal 5:
· Discuss how long A-IoT UE can maintain synchronization and whether/how to avoid synchronization error in the middle of a communication sequence.
Observation 4:
· A-IoT UE may not maintain synchronization for a long period and thereby some mechanism to solve/avoid this issue may be necessary.
Observation 5:
· For DT/DO-DTT, it can be assumed that a communication sequence is triggered at BS without PRACH-like signal.
· Contention resolution by same as or similar to the existing random access is not reasonable for A-IoT.
· TA is unnecessary for A-IoT transmissions.
· With respect to backscattered transmissions, there would be no difference b/w data transmission and random access transmission in PHY layer.
Proposal 6:
· Random access that is same as or similar to the conventional random access (i.e., with dedicated physical layer channel/signal such as PRACH) is not defined for A-IoT UE.
Proposal 7:
· A PHY DL control channel that requires blind decoding is not defined for A-IoT.
· Discuss whether/how to transmit control information for data transmission or reception.
Proposal 8:
· At least control information for data transmission or reception is transmitted on a resource determined based on signal for synchronization.
· Discuss whether a PHY control channel is defined or a PHY data channel conveys control information in higher layer.
Proposal 9:
· Discuss how to determine resource for data transmission/reception. The following options can be considered.
· Option 1: Signal for synchronization or control signal indicates the resource.
· Option 2: The resource is determined based on pre-determined association with resource of signal for synchronization or control signal.
· Option 3: The resource is relatively fixed such as contiguous symbols at the same frequency compared to resource of signal for synchronization or control signal.
Proposal 10:
· Discuss relationship b/w a MAC PDU and a data transmission/reception in physical layer.
· E.g., a MAC PDU is divided into multiple physical layer channels.
Observation 6:
· RAN1 specification should describe intermediate UE’s behaviors with respect to scheduling and timing relationships.
Proposal 11:
· 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 transmission to A-IoT UE.
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