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1. [bookmark: _Ref27419]Introduction
[bookmark: OLE_LINK3]In RAN #102 meeting, new study item on Ambient IoT was approved in [1], where the RAN1-led aspects are extracted as below. 
	· 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.



[bookmark: OLE_LINK22]In this contribution, Ambient IoT physical layer design about downlink and uplink channel/signal is discussed
2. Downlink channel/signal
2.1. Functions of downlink physical layer signaling
According to the [2], the functions of the downlink channel/signal include: synchronization function, decoding information indication, resource indication, downlink transmission indication, data transmission, start of frame indication, delimiter, uplink transmission indication, transmission type indication, etc. Hence, these functions can be considered in design of DL channel/signal.
2.2. Downlink channel
In NR, the following downlink physical channels are defined:
-	Physical Downlink Shared Channel, PDSCH
-	Physical Broadcast Channel, PBCH
-	Physical Downlink Control Channel, PDCCH.
PBCH is used to transmit broadcast information (e.g., MIB) and is transmitted together with SSS and PSS. MIB includes SFN, subcarrier spacing for system information/initial access/paging, pdcch-ConfigSIB1, frequency offset between SSB and CORESET0, etc. This is the minimum information provided for UE to camp on a cell and perform initial access. However, due to the low complexity of A-IoT devices, the SFO can be up to 10X ppm, the time and frequency drift of the device will be large. Hence, the SFN information provided by MIB is not helpful for A-IoT due to the asynchronization between gNB and A-IoT device. Moreover, A-IoT architecture is expected to perform envelope detection, the frequency information such as SCS, CORESET0, is not redundant.  Therefore, the information carried by MIB, such SFN, pdcch-ConfigSIB1, etc. is not helpful for A-IoT devices. 
PDCCH is used to transmit control information, such as carrier/BWP indicator, time/frequency resource allocation information, MIMO information, etc. To enable the flexibility of resource allocation and adaptation to different channel conditions, the PDCCH detection requires blind decoding of DCI candidates in the configured search space set and CORESET. However, for A-IoT system, the required control information is limited compared with LTE/NR. And it is difficult for A-IoT to implement bind detection in time/frequency domain considering the low complexity and limited energy storage. Furthermore, as discussion in [2], A-IoT traffic is dominant by DL triggering, thus, a more straightforward solution is to carry control information in the same channel as DL data, instead of a dedicated design for control channel A-IoT system.
PDSCH is used for transmitting data, which should be at least applied for DL data transmission in A-IoT systems. In addition, control information, which comprises downlink transmission indication, resource indication and uplink transmission indication, if needed, can also be transmitted in PDSCH.
[bookmark: _Toc159268748]For A-IoT downlink channel, only PDSCH is needed, where the two types of PDSCH can be considered, i.e., PDSCH type 1 for DL data and PDSCH type 2 for control information.
2.3. Downlink signal
In NR, a downlink physical signal corresponds to a sequence mapped in a set of resource elements. And the following downlink physical signals are specified in NR.
-	Positioning reference signal, PRS
-	Channel-state information reference signal, CSI-RS
-	 Phase-tracking reference signals, PT-RS
-	 Demodulation reference signals, DM-RS
-	Primary synchronization signal, PSS
-	Secondary synchronization signal, SSS
For the reference signals (i.e., PRS, CSI-RS), UE needs to perform the measurement and report. It requires UE to have certain computation capability which is not suitable for A-IoT devices especially with 1uW power consumption. In the A-IoT system, if positioning or channel measurement is required, it would be more appropriate to let gNB implement positioning or channel measurement using uplink signal transmitted by A-IoT device.
[bookmark: _Toc159252242]It would be more appropriate for gNB to perform positioning or channel measurement using uplink signal transmitted by A-IoT device.
For PT-RS, it is used to compensate the phase error, especially in high frequency range. However, based on the SID, only FDD spectrum is considered for A-IoT. Hence, PT-RS is not needed. 
For DMRS, it is used to demodulate the DL channels. DMRS includes front-loaded DMRS and additional DMRS. The front-loaded DMRS helps the UE to estimate the channel early which is designed for low-latency transmission. Additional DMRS can be used in high-speed cases. For A-IoT devices, the demodulation/decoding information is also needed. In order to fit in the A-IoT system, the design of DMRS must be different from NR. The DMRS can provide demodulation information indication as discussed above.
For PSS and SSS, they are used for synchronization and transmitted periodically. As discussed above, the synchronization function is needed, but the periodic transmission is not suitable considering the large SFO of A-IoT devices. Thus, a new signal can be considered for synchronization, which can be transmitted along with DL control information/data.
To sum up, signals used for synchronization or de-modulation can be considered. It should be noted that these functions can be achieved through the same signal or different signals. Moreover, the signal can also indicate the start of frame, or the transmission types, if needed.
[bookmark: _Toc159268749]Reference signal(s) are needed to provide synchronization, de-modulation information or other information, if any, which includes transmission types
2.4. Resource of downlink channel/signal
· Time domain resource allocation
In NR, time domain resource allocation indicates the start and duration of data transmission which UE should know in advance to receive DL data. 
In A-IoT systems, considering the SFO accuracy, the start of frame can be determined by preamble as it was discussed in [2]. For the end/duration indication of data transmission, the following three options can be considered:
Option #1: Based on TBS information. The TBS information and other information such code rate can used to derive the duration of DL data transmission.
For this option, the range of TBS values should be considered in the design. If downlink data segmentation is applied, the maximum TBS value doesn’t need to be large. And the segmentation can be done at the higher layer or physical layer.
Option #2: Terminator. The sequence or high/low-power levels can be used as terminator. When A-IoT device detects the terminator, it knows that the transmission has been ended.
Option #3: Combination of Option 1 and Option 2. 
[bookmark: _Toc159268750]The following three options can be used to indicate the end/duration of DL data transmission:
· [bookmark: _Toc159268751]Option #1: Based on TBS information
· [bookmark: _Toc159268752]Option #2: Terminator
· [bookmark: _Toc159268753]Option #3: Combination of Option 1 and Option 2.

· Frequency domain resource allocation
According to the discussion in [3], A-IoT system may suffer from or introduce severe interference. To reduce interference between A-IoT system and NR system, as shown in Figure 1 as below, the available frequency domain resource of A-IoT system can be located near to or in the guard band.
[bookmark: _GoBack][image: ]
Figure 1 Frequency resource allocation of A-IoT
[bookmark: _Toc159268754]The available downlink frequency domain resource of A-IoT system can be located near to or in the guard band.
The transmission of downlink channels/signals cannot exceed the frequency range of the A-IoT device. To mitigate the interference or obtain frequency hopping benefits, multiple sub-bands can be considered. However, since envelope detection is performed by A-IoT device and the designed frequency range of A-IoT device can be up to several or tens of MHz, there is no need to indicate sub-band information to A-IoT devices. It means the frequency domain information is transparent to A-IoT devices, gNB can decide which sub-band is used to send signal/channel,
3. Uplink channel/signal
3.1. Functions of uplink physical layer signaling
According to the [2], the functions of the uplink channel/signal include synchronization, UL reference signal transmission, resource indication, data transmission, start of frame indication, delimiter, uplink transmission indication. These functions need to be considered in the design of UL channel/signal.
3.2. Uplink channel
In NR system, the following uplink physical channels are defined.
-	Physical Uplink Shared Channel, PUSCH
-	Physical Uplink Control Channel, PUCCH
-	Physical Random Access Channel, PRACH
PRACH is used to transmit preambles for random access which is associated with SSBs. In NR, the resource of initial access is configured by SIB1 and the procedure is initiated by UE However, in A-IoT, the inventory procedure is triggered by DL, i.e., request-and-response. Thus, the PRACH is not proper for A-IoT.
UCI is carried in PUCCH which indicates DL HARQ-ACK feedback, SR or channel measurement results. According to SID, there is no HARQ, no ARQ in A-IoT system. And as discussed above, it is too complicated to perform channel measurements by A-IoT device. Thus, PUCCH is not needed.
PUSCH is used for transmitting uplink data. In the A-IoT system, data is also an important component so that PUSCH should be considered. Moreover, PUSCH can also carry other UL information, such as encoding scheme.
[bookmark: _Toc159268755]Support PUSCH in A-IoT system.
3.3. Uplink signal
In NR system, the following uplink physical signals are defined:
-	Demodulation reference signals, DM-RS
-	Phase-tracking reference signals, PT-RS
-	Sounding reference signal, SRS
Similar as downlink, DMRS can also be considered in uplink to assist the uplink channel decoding.
Consider the deployment spectrum of A-IoT devices, PT-RS is not needed. In NR, the usages of SRS are various, which include channel estimation, antenna switching, UL positioning, etc. 
As discussed above, the UL synchronization is also important. Hence, a new signal can be considered for synchronization. 
The synchronization and reference signal can be executed by the same or different uplink signals. Moreover, if there is other information, such as uplink encoding information (e.g., encoding scheme) to be indicated by A-IoT devices, this information can be carried by the synchronization and reference signal as well.
[bookmark: _Toc159268756]Synchronization signal and reference signal used for de-modulation/channel estimation can be considered in the UL of A-IoT system. Other information, such as uplink encoding information, can be also conveyed by the synchronization signal and reference signal, if needed.
3.4. Resource of uplink channel/signal
· Time domain resource allocation
Most of the uplink transmission by A-IoT is triggered by gNB command. The start of uplink signal can be determined by the end position of downlink triggering signaling and processing delay.
For the end of uplink signal determination, similar as downlink, the following three options can be considered:
Option #1: Based on TBS information. The TBS information and code rate information determines the duration of UL time domain resource allocation. Similarly, the range of TBS values should be considered in the design when segmentation is adopted. 
Option #2: Terminator. When gNB detects the terminator, gNB knows that the transmission has been ended.
Option #3: Combination of Option 1 and Option 2. 
[bookmark: _Toc159268757]The following three options can be used to indicate the end/duration of UL data transmission:
· [bookmark: _Toc159268758]Option #1: Based on TBS information
· [bookmark: _Toc159268759]Option #2: Terminator
· [bookmark: _Toc159268760]Option #3: Combination of Option 1 and Option 2.
· Frequency domain resource allocation
Similar as DL frequency domain resource allocation, the available frequency domain resource of A-IoT system can located near to or in the guard band to reduce interference, as shown in Figure 1. 
[bookmark: _Toc159268761]The available uplink frequency domain resource in A-IoT system can be located near to or in the guard band.
For the detailed frequency domain resource allocation, it should consider the frequency shifting capability of A-IoT devices. If A-IoT can perform frequency shift with acceptable accuracy and impact on performance, gNB can indicate the frequency offset so that A-IoT device sends data at the corresponding frequency based on the indication. 
4. Others
For proximity determination(positioning), considering the low capability of A-IoT devices, it would be more appropriate to let the gNB to perform positioning using uplink signal transmitted by A-IoT device.
The accuracy of positioning depends on the capability of A-IoT devices, such as bandwidth of the uplink signal and shifted frequency offset between the UL transmission and CW. Common positioning algorithms, such as TOA, TDOA, AOA, RSSI can be considered as starting point.
5. Conclusion
In this contribution, the downlink and uplink signal/channels are discussed for A-IoT. We have the following observations and proposals.
Observation 1: It would be more appropriate for gNB to perform positioning or channel measurement using uplink signal transmitted by A-IoT device.

Proposal 1:	For A-IoT downlink channel, only PDSCH is needed, where the two types of PDSCH can be considered, i.e., PDSCH type 1 for DL data and PDSCH type 2 for control information.
Proposal 2:	Reference signal(s) are needed to provide synchronization, de-modulation information or other information, if any, which includes transmission types
Proposal 3:	The following three options can be used to indicate the end/duration of DL data transmission:
-Option #1: Based on TBS information
-Option #2: Terminator
-Option #3: Combination of Option 1 and Option 2.
Proposal 4:	The available downlink frequency domain resource of A-IoT system can be located near to or in the guard band.
Proposal 5:	Support PUSCH in A-IoT system.
Proposal 6:	Synchronization signal and reference signal used for de-modulation/channel estimation can be considered in the UL of A-IoT system. Other information, such as uplink encoding information, can be also conveyed by the synchronization signal and reference signal, if needed.
Proposal 7:	The following three options can be used to indicate the end/duration of UL data transmission:
-Option #1: Based on TBS information
-Option #2: Terminator
-Option #3: Combination of Option 1 and Option 2.
Proposal 8:	The available uplink frequency domain resource in A-IoT system can be located near to or in the guard band.
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