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1 Introduction
A new study item on solutions for Ambient IoT (Internet of Things) was approved in [1]. In the RAN1 116bis meeting, the following was agreed for frame structure, random access and timing relation aspects [2]: 

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. 


In this contribution, we discuss the open issues of frame structure, the necessity of synchronization operation, random access procedure and the timing relation for Ambient IOT devices based on the latest progress.  
2.  Discussions 
Two types of devices are targetted by the Ambient IOT sutdy item as follows [1]: 
· Low-category device: 
· ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· High-category device
· ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.

Table 1 summarizes the key characteristics of these low-cateory and high-cateory devices. 

Table 1: Key charateristics of two types of Ambient devices
	
	Peak power consumtion 
	Enery storage
	Initial SFO 
	Amplification for DL/UL
	UL Transmission scheme

	Low-Category Device 
	~1 µW
	Yes
	
	No
	· Backscattered on a carrier wave

	High-Category Device 
	≤ a few hundred µW
	Yes
	
	Yes, for either or both directions
	· Backscattered on a carrier wave, or
· Generated by UE internally



In addition, as explicitly written in the approved SID [1], a harmonized air interface design with minimized differences shall be generally seeked for Ambient IoT to enable the targetted Ambient devices. Considering the limitation of Low-CAT device as listed in Table 1, it is a feasible approach to develop designs targetting for the low-CAT device and then enhance it for high-CAT device only if a clear and sufficient benefit is justified [2].  

2.1 Frame structure and Synchronization procedure 
For DL transmission, it was agreed to align NR and Ambient IoT at least on a symbol boundary to simplify the gNB imiplementation e.g., single FFT etc. However, it remains FFS on UL transmission for Ambient IOT devices.  

Due to low-cost and low-complexity, the initial SFO of an Ambient IoT device is relaxed to be as large as ~ ppm and the exact value depends on the oscillator implementation. Due to the significant ~  ppm SFO target and extreme low power consumption target (~1µW) for low-CAT device, it is quite challenging and costly in terms of power consumption to align Uplink timing between NW and Ambient IoT on a symbol or slot boundary. 
  
We therefore propose:  
Proposal 1:  For UL transmission, no need of timing alignment on symbol or slot boundary between NR and A-IOT, due to time drift at device

2.2 Random access aspects  
In RAN1 116 meeting, the following was agreed for random access procedure:  

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.


NR supports two types of random access procedure, one is four-step and the other is two-step RACH. Similar as four-step RACH procedure, a ‘Query’ procedure was specified in RFID specification to to obtain the dedicated tag information such as PC/XPC/EPC for the subsequent unicast communication. In general, when there is no collision, a Query procedure consist of the following steps: 
· Step-0: Reader sends a Query command to initiate the procedure. 
· Step-1: A tag shall preload into its slot counter a value between 0 and , where Q is an integer in the range (0,15). The Tag decrement its slot counter every time it receives a QueryRep with matching session and backscattering an RN16 when the slot counter reaches ‘0000’.
· Step-2: Reader transmission of ‘ACK’ command indicating the reception of the ‘RN16’
· Step-3: Tag reports the device-specific ID information e.g.,  EPC/PC etc.
Compared to RFID Query procedure, PRACH sequences and RAR MAC PDU are used in Step-1 and Step-2 respectively in four-step RACH procedure. Taking into acount the requirements of low cost and extreme low power consumtion for Ambient IOT device as well as the goal of unified design for device types 1/2a/2b, it is important to reuse the RFID design e.g., RN16 in Step-1 and ‘ACK’ in Step-2.   
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Figure 1: Contention-based Random Access procedure for A-IOT device


Proposal 2:  The Query procedure of UHF RFID is used as a starting point for slot-ALOPHA based random access for Ambient IoT devices. 
Proposal3: The contention-based random access procedure for A-IOT devices consist of the following steps: 
· Step-1: Reader sends a Query command (Msg0) to initiate the Query procedure. 
· Step-2: A-IoT device generats a random value ‘RNx’ as Query reponse (Msg1) and report it to NW when slot counter reaches ’0000’. 
· Step-3: Reader transmits a ‘ACK’ command indicating the reception of the ‘RN16’. 
· Step-4: Tag reports the device-specific ID information e.g.,  EPC/PC etc (Msg3)


The coverage targetted by Ambient device is up to 50m in indoor deplyement scenario and the one way shorter end-to-end maximum latency including query/triggering time targets to 1 second.  As discussed earlier, one drawback of anti-collision procotol used in Query procedure for RFID is the high collision rate in case of dense use case and eventually causes wastage valuable enery and large latency as device needs to wait for the next Query round. To achive the design goal of extended coverage and low latency, it is imporant to enhance the anti-collision protocol for Ambient IoT devices. As depicted in FIG2, the collision rate of Query responses can be reduced by supporting multiple frequency points for high-CAT device to transmit Query responses (i.e., PRACHs signal), regardless of backscattering-based or UE-genrated signals. In addition, the fequency-shifted signal can improve the detection performance and link budget of Query reponse due to shifting the backscatter signal away from the incoming carrier wave frequency to mitigate the interfence at the gNB receiver. The frequency-shifted operation will cause extra power consumption. While, considering the benefit of increased Query response capacity and the reduced latency for Query procedure, support of ‘frequency-shifted’ backscattering signal for high-CAT devices is imporant to explorit the signficantly higher peak power i.e., a few hundred µW.     

Proposal 4: For Msg1 and Msg3 transmission, support parallel FDMed resources by frequency shifting operation to cope with multiplexing a high number of A-IoT devices
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Figure 2: Illustration of the basic frequency-shiftted backscattering Query reponses

  

3. Conclusion 
In this contribution, we have presented our views on the frame structure, synchronization, random access and timing relation aspects. We proposed the following: 
Proposal 1:  For UL transmission, no need of timing alignment on symbol or slot boundary between NR and A-IOT, due to time drift at device
Proposal 2:  The Query procedure of UHF RFID is used as a starting point for slot-ALOPHA based random access for Ambient IoT devices. 
Proposal 3: The contention-based random access procedure for A-IOT devices consist of the following steps: 
· Step-1: Reader sends a Query command (Msg0) to initiate the Query procedure. 
· Step-2: A-IoT device generats a random value ‘RNx’ as Query reponse (Msg1) and report it to NW when slot counter reaches ’0000’. 
· Step-3: Reader transmits a ‘ACK’ command indicating the reception of the ‘RN16’. 
· Step-4: Tag reports the device-specific ID information e.g.,  EPC/PC etc (Msg3)
Proposal 4: For Msg1 and Msg3 transmission, support parallel FDMed resources by frequency shifting operation to cope with multiplexing a high number of A-IoT devices
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