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Introduction
In RAN#102 meeting, the SID [1] on ambient IoT has been agreed. The general scopes for ambient IoT are described in SID [1] and R19 SI would focus on 
· ~1 µW or ≤ a few hundred µW power consumption for ambient IoT devices.
· SFO on ambient IoT device up to 10X ppm. X is to be decided by WG
· Indoor deployment scenarios with 10-50m coverage target.
· Topologies 1&2.
· FR1 licensed spectrum in FDD.
· Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).
· Traffic types are DO-DTT, DT, FFS: DO-A.
· No RRC states, no mobility, no HARQ, no ARQ.
RAN1 leads the study on the following aspects [1],
· 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 base station.
This contribution presents our views on the frame structure and timing aspects for ambient IoT.
Discussions 
In [1], the SFO (sample frequency error) of clock on the device is described up to 10X ppm and the power consumption is ~1 µW or ≤ a few hundred µW. 
As discussions in [2], a high-resolution oscillator could be a power consuming component on devices, and the more precise the oscillator, the higher the cost. A device of ambient IoT (type A/type B) cannot afford either high power consumption or high cost. The precision of an oscillator on a device of ambient IoT could be poorer than an oscillator on a legacy NR UE, such as a smart phone or an NB-IoT/eMTC/RedCap device. In another word, the value of X of an oscillator on a device of ambient IoT could be obviously larger than that of an oscillator on a legacy UE. On the other hand, with a very limited capability of hardware and a not stable power supply [2], a device of ambient IoT may not be able to support an SFO calibration, i.e., to estimate a frequency error and compensate it.
As a result, Devices of ambient IoT cannot maintain a synchrony with the gNB as long as legacy NR UEs do. Once a synchrony with the gNB has been achieved by a device, a timing error will quickly be accumulated with the large SFO of the embedded oscillator and without an SFO calibration.
The impact of an accumulated timing error may rely on the date rate. For example, assuming SFO is 103, i.e., X=3, after a synchrony is achieved, a duration of 10ms can cause an accumulated timing error of 0.01ms. If the date rate is 5kbps and one time domain symbol contains 1-bit information, an equivalent baseband symbol is 0.2ms. The accumulated timing error of 0.01ms equals to 0.05 equivalent symbol. If the date rate is 50kbps, an equivalent symbol is 0.02ms. The accumulated timing error of 0.01ms equals to 0.5 equivalent symbols.
Table 1: The impact of an accumulated timing error on date transmission
	SFO (ppm)
	Timing error
	Date rate: 50kbps
	Date rate: 5kbps

	103
	0.01 ms
	0.5 symbols
	0.05 symbols

	104
	0.1 ms
	5 symbols
	0.5 symbols

	105
	1 ms
	50 symbols
	5 symbols



More analyses are shown in Table 1. It can be observed that the higher the value of X, the larger the accumulated timing error. And the higher the date rate is (the shorter the time domain symbol is), the bigger impact the accumulated timing error causes.
From the point of view of correctly receiving data, a timing error of 0.05 equivalent symbol (assuming 5kbps and X=3) may be acceptable, but a timing error of 0.5 equivalent symbol (assuming 50kbps and X=3) is too big. The data transmission with a higher data rate requires more frequent synchronization operations for the correct data reception.
Observation 1: 
· The higher the value of X (SFO), the larger the accumulated timing error. 
· The higher the date rate is (the shorter the time domain symbol is), the bigger impact on date transmission the accumulated timing error causes.
Observation 2: With a certain SFO, the data transmission with the higher data rate requires more frequent synchronization operations for the correct data reception.
Another point is that data rate is a key factor to the discussion on timing. Different data rates require different frequencies of synchronization operations or different synchronization precisions.
To study potential timing issues in ambient IoT, some conclusions on the timing requirements should be reached. One key factor is the values of X. Another one should be typical values of peak data rates (as well as typical values of the sampling rate).
Observation 3: Typical values of data rate are a key factor to the discussion/study on timing.
Proposal 1: To clarify the requirement for timing, the typical values of following parameters should be discussed and specified:
· X of SFO,
· Peak date rate/baseband sampling rate.
A synchronization scheme is required for devices of ambient IoT. With a large SFO of the embedded oscillator and without an SFO calibration, the accumulated timing error can obviously impact the data reception/transmission of the device of ambient IoT, as shown Table 1.
The synchronization scheme for devices of ambient IoT should be simple and effective in consideration of their limited computation capability and poor synchronization capability.
For downlink, one solution is that a dedicated signal (e.g., preamble) is transmitted for a device which can be inserted per data transmission or shared by several data transmissions. With this dedicated signal, a device can calibrate timing errors frequently, and the accumulated impact with SFO on data transmission can be interrupted. The features of the dedicated signal (e.g., the pattern, period, etc.) should be studied.
Another solution is that a NW node can transmit some common synchronization signals to all devices served by the NW node.
Proposals 2: Regarding the downlink synchronization schemes for devices of ambient IoT, following candidates can be further considered:
· A dedicated signal (e.g., preamble) is transmitted for a device which can be inserted per data transmission or shared by several data transmissions.
· Some common synchronization signals can be transmitted to all devices served by a NW node.
For uplink, a synchronization scheme may or may not be necessary. One factor is that the round-trip delay for UL data can be omitted. The target coverage in Rel-19 is the maximum distance of 10-50 m with indoors deployment scenario. Another factor is the timing error caused by SFO on the device can be compensated via downlink synchronization to a certain degree. After timing correction done in downlink, the residual timing error in uplink can be corrected by the NW node which is much more powerful than devices. For example, the NW node can extract the clock with the line code from UL data, then correct the timing error caused by SFO on devices.
Hence, the necessity of a dedicated synchronization scheme for uplink should be discussed first before reaching the details of candidate schemes.
Proposals 3: Regarding the uplink synchronization schemes for devices of ambient IoT, the necessity should be discussed before considering the detailed schemes.
When a NW node schedules a UL transmission from a device [3], the NW node needs to inform the device the resource location at least in time domain. How the NW node indicates a device the timing information of the scheduled resource for UL transmission is an issue to be studied in consideration of the poor performance of the oscillator embedded in the device.
In [1], the traffic types of DO-DTT and DT are in scope. Both types are initiated from DL. If the UL transmission is scheduled by the NW node, the timing of the scheduled resource can be indicated with an offset to the timing of the transmission of DL data. 
Proposals 4: Regarding the scheduling of the UL transmission by a NW node, a scheme on how to indicate the timing of scheduled resource for UL transmission could be considered. 
· E.g., an offset to the timing of the transmission of DL data.

When an ambient IoT device powers on or wakes up, it tries to get ready for UL transmission, e.g., to access one of NW nodes, or to establish a connection with one of NW nodes. At least, the first step for the device is to obtain the initial synchronization with one of NW nodes. RAN1 should study the procedure for a device to obtain the initial synchronization. 
As discussions in [2], the capability of devices is so limited that they cannot maintain a synchrony with the NW node as long as existing NR UEs do. When a device receives the DL data, a solution for DL data synchronization may be necessary, e.g., a preamble inserted before data transmission.
Hence, in our view, the designs on initial synchronization and synchronization for DL data should be separately considered.
Proposals 5: The procedure for a device to obtain the initial synchronization with a NW node should be studied.
Proposals 6: The designs on initial synchronization and synchronization for DL data should be separately considered.

As description in SID [1], the device of Ambient IoT does not support the RRC states and the mobility. The RRC connection relevant mechanisms are too complicated to devices of ambient IoT. The devices may have no capability to support such complicated mechanisms. 
However, in our understanding, a connection between a gNB and a device is still needed to support multi-devices scheduling to improve the spectrum efficiency compared with RFID system. The connection could be much simpler than the RRC connection. More specifically, to establish the connection, it is at least expected that a device is capable to obtain a cell ID or another equivalent to distinguish signals from difference cells/gNBs. On the other hand, it is also expected that a device still has a serving cell/gNB and can get a specific ID from the serving cell/gNB which can enable multi-devices scheduling with the cell/gNB. That is, an NR gNB and a device in ambient IoT network can know each other by IDs.
How to indicate cell IDs to devices and how to give devices specific IDs need further study. In NR, the IDs of cells are carried by the different patterns of SS. And a UE identifies the patterns of SS to obtains the ID of a cell. Considering the low computation capability of devices, perhaps the legacy mechanism cannot be reused anymore. Other solutions should be considered and discussed, e.g., to carry the cell ID by a downlink channel such as a PDSCH or a PBCH. RAN1 could discuss the scheme for a device to distinguish the cells in ambient IoT network.
Proposals 7: Regarding the connection between a gNB and a device in ambient IoT network, a scheme for a device to distinguish cells could be discussed.

Conclusion
In this contribution, we consider the frame structure and timing aspects for ambient IOT. We have following observations and proposals:
Observation 1: 
· The higher the value of X (SFO), the larger the accumulated timing error. 
· The higher the date rate is (the shorter the time domain symbol is), the bigger impact on date transmission the accumulated timing error causes.
Observation 2: With a certain SFO, the data transmission with the higher data rate requires more frequent synchronization operations for the correct data reception.
Observation 3: Typical values of data rate are a key factor to the discussion/study on timing.
Proposal 1: To clarify the requirement for timing, the typical values of following parameters should be discussed and specified:
· X of SFO,
· Peak date rate/baseband sampling rate.
Proposals 2: Regarding the downlink synchronization schemes for devices of ambient IoT, following candidates can be further considered:
· A dedicated signal (e.g., preamble) is transmitted for a device which can be inserted per data transmission or shared by several data transmissions.
· Some common synchronization signals can be transmitted to all devices served by a NW node.
Proposals 3: Regarding the uplink synchronization schemes for devices of ambient IoT, the necessity should be discussed before considering the detailed schemes.
Proposals 4: Regarding the scheduling of the UL transmission by a NW node, a scheme on how to indicate the timing of scheduled resource for UL transmission could be considered. 
· E.g., an offset to the timing of the transmission of DL data.
Proposals 5: The procedure for a device to obtain the initial synchronization with a NW node should be studied.
Proposals 6: The designs on initial synchronization and synchronization for DL data should be separately considered.
Proposals 7: Regarding the connection between a gNB and a device in ambient IoT network, a scheme for a device to distinguish cells could be discussed.
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