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1. Introduction
In this contribution, we discuss some aspects related to frame structure and timing in Rel-19 Ambient IoT (A-IoT). 3GPP has discussed A-IoT for a while across different TSGs. SA1 developed a technical report TR 228.840 [1] to dig in a number of use cases, traffic scenarios, device constraints, potential service requirements and KPIs for A-IoT. In Rel-18, there was a SI worked by RAN, which eventually brings out representative use cases, deployment scenarios, connectivity topologies and also some left works for WGs to complete. RAN also achieved a technical report on A-IoT [2]. Following these works, RAN Plenary has agreed to study A-IoT in WG level as shown in Rel-19 A-IoT SID [3]. In previous RAN1 meeting(s), RAN1 has agreed some agreements related to A-IoT device and agreements related to frame structure and timing, which are listed below [4][5]. In the following sections, we provide some thinking and observations from our side on frame structure and timing aspects. 
	
RAN1 #116
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 

RAN1 #116b
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. 




2. Discussion
As listed in Rel-19 A-IoT SID, some targets assigned for RAN1 include the following aspects, where one of them aims at studying frame structure, synchronization/timing, random access, scheduling and timing relationships. 
	· 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.



In Rel-19 A-IoT SID, two types of devices have been defined, i.e., Type 1 and Type 2. In previous RAN1 meeting(s), Type 2 device has been separated into Type 2a and Type 2b devices. Type 1 device does not have capability of amplifying DL reception or UL transmission. The UL transmission from the Type 1 device can only rely on backscattering carrier wave from an external node, due to lack of capability of generating UL signal by itself. On the other hand, Type 2a and Type 2b devices have the capability of amplifying DL reception or UL transmission. It is noted that Type 2a device still requires the carrier wave to backscatter UL signal for transmission. However, Type 2b device is capable of generating UL signal by itself. 
Regardless of which type an A-IoT device is, we observe that the device complexity would be limited to an ultimately low level. Accordingly, the A-IoT devices actually lack fine timing synchronization capability as legacy NR mobile UEs. However, certain level of timing synchronization would be still needed, considering the waveform of R2D and D2R transmission. For R2D transmission, it has been agreed that OFDM-based waveform is studied for A-IoT R2D transmission. It is also agreed that symbol level timing synchronization of R2D transmission is assumed for A-IoT study, if OFDM transmission is used. However, slot level timing synchronization of R2D transmission may not be needed for A-IoT device, since R2D channel design and structure would be way different from that of PDSCH and PDCCH in legacy NR system. In addition, slot level alignment may somehow have impact on transmission efficiency of R2D transmission. 
Proposal 1: For study on R2D transmission, whether to consider slot level alignment of R2D transmission is needed to be further justified. 
Regarding D2R transmission, considering A-IoT device cannot maintain fine or accurate timing synchronization due to large SFO, it is doubtful that A-IoT device can perform D2R transmission with timing alignment in symbol or slot level. In addition, the waveform for D2R transmission is not as clear as R2D transmission as well. Therefore, we have the following proposal. 
Proposal 2: For study on D2R transmission, symbol or slot level alignment of D2R transmission is not assumed.
One issue discussed in previous RAN1 meeting(s) is the timing of a D2R transmission following a R2D transmission. The D2R transmission timing can enable more efficient reception at the reader’s side. The timing of a D2R transmission can reduce the long and uncertain waiting time. On how to indicate the scheduling timing of a D2R transmission, we believe it should be indicated in the R2D control information. Such manner provides a more clear time range where a D2R transmission can occur. On the other hand, if the timing is relied on a time interval between TR2D_min and TR2D_max, the time interval could be large, and the reader or base station needs to reserve more time domain resources for potential D2R transmission from an A-IoT device. This would lower the spectrum usage efficiency. 
Proposal 3: In A-IoT study, for indicating start timing of the corresponding D2R transmission after a R2D transmission, an indication in the scheduling information transmitted in the associated R2D transmission is considered. 
On the channel structure design of PRDCH, it has been discussed that L1 control field/information can be transmitted together with D2R data in a PRDCH. In addition, R2D preamble has been agreed to be included for indicating start of R2D transmission. It will be further studied whether to support midamble, postamble, and L1 control field/information for R2D transmission or PRDCH. 
In our views, we believe it is necessary to support L1 control field/information. Scheduling information for R2D transmission can be included in such L1 control field/information, e.g., modulation scheme or TBS. In addition, a PRDCH can also carry scheduling information for D2R transmission later on, by indicating the scheduling information in the L1 control field/information. 
Proposal 4: L1 control field/information can be included in PRDCH for indicating scheduling information for R2D transmission and/or scheduling information for D2R transmission. 
Meanwhile, we also support transmission of postamble for both PRDCH and PDRCH to further assist timing synchronization for R2D transmission and D2R transmission. On the other hand, postamble is also beneficial for indicating the end of PRDCH transmission and PDRCH transmission. 
Proposal 5: On study of time domain frame structure for A-IoT R2D transmission, postamble is included at least for timing acquisition. 
Proposal 6: On study of time domain frame structure for A-IoT D2R transmission, postamble is included at least for timing acquisition.  
Regarding design of D2R transmission or PDRCH, the D2R coverage could be a bottleneck of system performance. Hence, how to resolve the D2R link budge issue should be considered in the study. In addition to D2R transmission power adjustment, we think repetition of PDRCH transmission can be considered as well. 
Proposal 7: On study of PDRCH design, repetition of D2R transmission is considered for improving D2R transmission coverage.  
3. Conclusion
According to the above discussion(s), we have the following observation(s) and/or proposal(s). 
Proposal 1: For study on R2D transmission, whether to consider slot level alignment of R2D transmission is needed to be further justified. 
Proposal 2: For study on D2R transmission, symbol or slot level alignment of D2R transmission is not assumed.
Proposal 3: In A-IoT study, for indicating start timing of the corresponding D2R transmission after a R2D transmission, an indication in the scheduling information transmitted in the associated R2D transmission is considered. 
[bookmark: _GoBack]Proposal 4: L1 control field/information can be included in PRDCH for indicating scheduling information for R2D transmission and/or scheduling information for D2R transmission. 
Proposal 5: On study of time domain frame structure for A-IoT R2D transmission, postamble is included at least for timing acquisition. 
Proposal 6: On study of time domain frame structure for A-IoT D2R transmission, postamble is included at least for timing acquisition.  
Proposal 7: On study of PDRCH design, repetition of D2R transmission is considered for improving D2R transmission coverage.  
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