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Introduction
In TR 38.848 [1], the deployment scenarios, use cases, services and RAN design targets were proposed. And in RP-234058 [2], the RAN1-led objectives for the Ambient IoT include: 
· Frame structure, synchronization and timing, random access
· Scheduling and timing relationships
On the basis of RAN1#116bis’s conclusion [3][4], we continue the discussion on the frame structure for ambient IoT, synchronization, random access, scheduling and timing relationships, et.al.
Time frame structure
R2D transmission
RAN1#116bis has achieved the following agreements [3]:
	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.


For the start of R2D transmission is aligned with the boundary of an NR OFDM symbol, the end of the R2D transmission should be aligned with the boundary of an NR OFDM symbol (including the CP) for in-band/guard-band operation. 
Proposal 1: For R2D transmission, if OFDM-based waveform is used, the end of R2D transmission from reader perspective is assumed to be aligned with the boundary of an NR OFDM symbol.
D2R transmission
The following issues related to R2D transmission can be found in the FLS [4]:
	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 


In the last meeting, for D2R transmission, R19 A-IoT study assumes the start and the end of a D2R reception is not aligned with a NR time boundary. To confine the D2R transmission within the NR symbols and/or slots with certain unalignment, first of all, the device has to obtain the NR OFDM symbol/slot boundary/length/index.
Proposal 2: R2D control information can be used for A-IoT device to obtain the D2R NR OFDM symbol/slot boundary/length/index information.
RAN1#116bis has achieved the following agreements [3]:
	Agreement
For the R2D timing acquisition signal immediately preceding the transmission of a physical channel, study a preamble with at least two parts which includes a start-indicator part and a clock-acquisition part, where the start-indicator part immediately precedes the clock-acquisition part:
· Start-indicator part provides the start of the R2D transmission
· FFS: Details of start-indicator part
· Clock-acquisition part provides at least the chip synchronization of the subsequent physical channel transmission
· FFS: Details of clock-acquisition part, e.g. structure, encoding, length, etc. 
· FFS: Methods to determine chip duration of the subsequent physical channel transmission 
· FFS: Other functionalities


The following issues related to D2R transmission can be found in the FLS [4]:
	How to indicate/determine the D2R chip length?
· Option 1: by R2D preamble
· Option 2: by R2D control information 
· Option 3: by D2R transmission bandwidth, e.g. 



As discussed in last meeting, there is three options to indicate/determine the D2R chip length. We think Option 1 is preferred, because a preamble consists of two parts which includes a start-indicator and a clock-acquisition. The clock-acquisition can indicate the chip length.
Proposal 3: For uplink transmission, the D2R chip length can be indicated by R2D preamble.

Synchronization
Time domain
R2D transmission
RAN1#116bis has achieved the following agreements [3]:
	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.


For downlink synchronization, most companies think that downlink preamble is transmitted at the head of each downlink transmission to indicate the starting time of the following PDSCH, the preamble also indicates the chip length used by the following PDSCH transmission [5]. 


[bookmark: _Ref127349214]Figure 1 The transmission structure of downlink
For the downlink sync signal design, for predefined binary pattern modulated using the OOK/ASK waveforms can be used as synchronization. So the OOK/ASK sequence can be considered.
Proposal 4: For the downlink sync signal design, predefined binary pattern modulated using the OOK/ASK waveforms can be considered.
D2R transmission
RAN1#116bis has achieved the following agreements [3]:
	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


For uplink synchronization, most companies think that uplink preamble is transmitted at the head of each uplink transmission to indicate the starting time of the following PUSCH. The overall uplink transmission is shown in Fig 2.


Figure 2 The transmission structure of uplink
For the uplink sync signal design, for predefined binary pattern modulated using the OOK/ASK waveforms with line code can be used as synchronization. So the OOK/ASK sequence with line code can be considered.
Proposal 5: For the uplink sync signal design, predefined binary pattern modulated using the OOK/ASK waveforms with line code can be considered.
Frequency domain
The maximum time/frequency offsets before and after synchronization is related to each of the A-IoT device types. It is better to discuss the frequency related aspects after more progress has been achieved.
Proposal 6: The maximum time/frequency offsets before and after synchronization can be discussed after more progress has been achieved.

Random access
Random access for A-IoT
The following related proposal can be found in the FLS [4]:

	Proposal 5.1-1a: 
From RAN1 perspective, for A-IoT contention-based access procedure, following steps is used as baseline for latency evaluation purpose.
· Step 1: Msg0 (R2D): Device receives an R2D transmission that triggers contention-based access procedure
· Step 2: Msg1 (D2R): Device transmits an indication of a temporary identification
· Step 3: Msg2 (R2D): Device receives a response for the temporary identification
· Step 4: Msg3 (D2R): Device performs D2R transmission including the device identifier 
· Step 5 (optional): Msg4 (R2D): Device receives a response 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)


For the A-IoT traffic, the contention-based access procedure is the basic procedure for inventory. In some case, contention-free access procedure can be optimized for higher efficiency for collision avoidance in the contention-based procedure.
Proposal 7: In the A-IoT contention-based access procedure, RAN1 should be wait for RAN2 progress. For the latency evaluation purpose, 2-step contention based access should be considered.

Enhancements for random access for A-IoT
The following related proposal can be found in the FLS [4]:
	Proposal 5.2-1: 
At least TDMA and FDMA of multiple A-IoT devices for slotted-ALOHA based access can be further studied.


By considering the A-IoT access load, a potential need to consider a combination of TDM and FDM based access for the access procedure.
Proposal 8: To improve inventory efficiency, at least TDM and FDM of multiple A-IoT devices simultaneously during the random access procedure can be supported.

Scheduling and timing relationships
Timing relations
The following related proposal can be found in the FLS [4]:
	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.


After transmitting msg1, the device must wait for an acknowledgement from the reader. If the maximum time is not specified, the device will continue to monitor the R2D transmission. To save the device energy, it is need to define the maximum time between a D2R transmission and the following R2D transmission.
Proposal 9: For A-IoT devices, define a maximum time TD2R_max between a D2R transmission and the corresponding R2D transmission following it, so the PDRCH transmission timing is within [TD2R_min, TD2R_max].
Scheduling aspects
The following related proposal can be found in the FLS [4]:
	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

Proposal 6.2-3a: 
Study necessary scheduling information for D2R 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


For the PRDCH scheduling, the starting time of the PRDCH is indicated by the R2D preamble, and the ending time of the PRDCH is indicated by the R2D postamble. When the device receives the PRDCH transmission, it can compute the number of chips between the a preamble and a postamble. So there is no need to indicate the TBS for PRDCH demodulation.  
Proposal 10: For PRDCH transmission, the TBS is known by the device from the start of preamble and the end of the postamble, so the R2D TBS is not needed for PRDCH demodulation.
For the PDRCH scheduling, when OOK and BPSK modulation are supported, FEC and line coding are supported, the MCS of PDRCH should be indicated. The TBS of PDRCH is also needed for the Ambient IoT device. 
Proposal 11: For PDRCH transmission, the following information is needed: Modulation, coding scheme(s) and coding rate, time-domain resources, frequency domain resources.


Conclusions
In this contribution, we present our views on the unified IoT frame structure, the synchronization and timing, random access and the scheduling and timing relationships. We have the following proposals:
Proposal 1: For R2D transmission, if OFDM-based waveform is used, the end of R2D transmission from reader perspective is assumed to be aligned with the boundary of an NR OFDM symbol.
Proposal 2: R2D control information can be used for A-IoT device to obtain the D2R NR OFDM symbol/slot boundary/length/index information.
Proposal 3: For uplink transmission, the D2R chip length can be indicated by R2D preamble.
Proposal 4: For the downlink sync signal design, predefined binary pattern modulated using the OOK/ASK waveforms can be considered.
Proposal 5: For the uplink sync signal design, predefined binary pattern modulated using the OOK/ASK waveforms with line code can be considered.
Proposal 6: The maximum time/frequency offsets before and after synchronization can be discussed after more progress has been achieved.
Proposal 7: In the A-IoT contention-based access procedure, RAN1 should be wait for RAN2 progress. For the latency evaluation purpose, 2-step contention based access should be considered.
Proposal 8: To improve inventory efficiency, at least TDM and FDM of multiple A-IoT devices simultaneously during the random access procedure can be supported.
Proposal 9: For A-IoT devices, define a maximum time TD2R_max between a D2R transmission and the corresponding R2D transmission following it, so the PDRCH transmission timing is within [TD2R_min, TD2R_max].
Proposal 10: For PRDCH transmission, the TBS is known by the device from the start of preamble and the end of the postamble, so the R2D TBS is not needed for PRDCH demodulation.
Proposal 11: For PDRCH transmission, the following information is needed: Modulation, coding scheme(s) and coding rate, time-domain resources, frequency domain resources.
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