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Introduction
In Rel-18, as a promising new IoT type devices/service, Ambient IoT was studied as an RAN SI. The study conclusions and observations on deployment scenarios, use cases, and RAN design targets are captured in TR 38.848 [1].
In RAN#102, Ambient IoT was successfully approved as a WG SI [2]. The deployment scenarios and design targets given in [1] are down-selected. For example, the Rel-19 SI would focus on:
· 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, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). FFS: DO-A till RAN#104.
· No RRC states, no mobility.
· No HARQ, no ARQ.
· Type A and type B devices. FFS: type C devices till RAN#104.
Specifically, for PHY layer, the following scopes for both DL and UL would be studied:
· 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.
In this contribution, we consider the aspects of downlink and uplink channel/signal.
Discussions
As we discussed in [3], due that the complexity/cost of Ambient IoT (AIoT) devices are expected to be comparable with the counterpart, i.e. RFID tags, the hardware of AIoT devices may be very limited:

Observation #1: AIoT devices may have following features:
· No stable power supply (type A and type B)
· No PA (type A) or very limited PA (type B)
· Dynamic memory is very limited.
· [bookmark: _Hlk158927324]No programmable hardware (such as DSP, CPU etc.) and the computation capability must be very limited.
· Omnidirectional and single antenna
· Oscillator error can be obvious. AIoT devices are poor at being synchronous with the gNB.
· Uplink is based on backscattering operation rather than generating signal by the device itself (type A and type B).
Observation #2: AIoT devices may be:
· Narrow band, equal to or lower than one RB in NR (with 15kHz SCS).
· Single carrier wave rather than OFDM/SC-FDM.
· TDMA, which should be the basic assumption on the multiple access manner. FDMA could be a supplement if the frequency spectrum is abundant.
Uplink channels/signals
Regarding to uplink channels, PUSCH must be necessary to carry uplink information from AIoT devices to the gNB.
The problem is whether PUCCH is necessary or not. In NR, PUCCH is usually utilized for HARQ-feedback, CSI feedback and SR. Based on above observations and the description in the SID [2], we think that PUCCH is not necessary for AIoT devices for following reasons:
· No CSI feedback is needed for AIoT devices.
· CSI feedback in NR is mainly for CL-Loop MIMO adjustment/scheduling/MCS selection. NR is wideband system. UEs in a wideband system often experience a frequency-selective fading channel. Different NR UEs are multiplexed in deferent frequency resources; hence they may experience different fading in the frequency domain. In this case CSI feedback can help the gNB to schedule every served UE with a properly selected frequency resource and consequently improve the overall spectrum efficiency of the system (water-filling).
· CSI feedback is not necessary for AIoT devices, because:
· MIMO is not necessary for AIoT devices, 
· AIoT system could be based on single-carrier waveform rather than OFDM/SC-FDM waveform,
· The bandwidth of AIoT can be obviously narrower than that of 5G NR, and 
· The fading channel can vary very slowly, because the moving speed of AIoT devices is expected to be low (10 km/h, at least for indoor scenarios, in [1].
· No HARQ-feedback is necessary.
· As described in [2], no ARQ and no HARQ is the basic assumption for AIoT devices. Hence, no HARQ-feedback is necessary in PHY layer.
· SR seems not necessary.
· AIoT devices may not need to require uplink resource by themselves. The uplink resources allocated by the gNB could be enough, since all traffics are assumed to be triggered by the gNB/ start from downlink transmission for now. (The traffic type of DO-A has not been captured in Rel-19 SI scopes yet. According to [2], whether DO-A would be in Rel-19 scopes or not will be further discussed in RAN#104.)
· Even if DO-A is considered in Rel-19, the PHY layer request for UL resource seems not necessary. In NR, SR is mainly for the transmission of BRS and the urgent uplink traffic. In AIoT system, almost all services are tolerant with transmission latency compared with traditional eMBB. AIoT devices can wait for available uplink resources to report the need for UL resources, or the gNB can regularly ask DO-A devices to report their need for UL resources.
Observation #3: For AIoT devices:
· No CSI feedback is needed for AIoT devices.
· No HARQ-feedback is necessary.
· SR seems not necessary.
· DO-A AIoT devices can wait for available uplink resources to report the need for UL resources, or the gNB can regularly ask DO-A AIoT devices to report their need for UL resources, when necessary.
Hence, we have following proposals:
Proposal #1: PUSCH is supported for AIoT devices.
Proposal #2: PUCCH is not necessary for AIoT devices.

Downlink channels
Regarding to downlink channels, PDSCH must be necessary.
Proposal #3: PDSCH is supported for AIoT devices.

The problems with downlink channels are: 1. Whether PBCH is necessary or not. 2. Whether PDCCH is necessary or not. More specifically, the essence of these two problems is whether PDSCH can carry ‘broadcast’ information and/or “control/scheduling’ information rather than specific channels.
PBCH
For PBCH, we tend to not introduce a specific PHY channel dedicated for broadcast.
In NR, PBCH corresponds to MIB. MIB contains:
1. systemFrameNumber,
2. subCarrierSpacingCommon,
3. ssb-SubcarrierOffset,
4. dmrs-TypeA-Position,
5. pdcch-ConfigSIB1,
6. cellBarred, and
7. intraFreqReselection.
Information #2, #3, #4 and #5 are all for the reception of SIB1. NR supports variable transmission schemes/numerologies, such as subcarrier spacing and bandwidth etc. If assistant information on SIB1 transmission scheme is not indicated by MIB, NR UEs have to try all possible combinations of transmission parameters to decode SIB1. Unless SIB1 is successfully decoded, NR UEs cannot correctly transmit Msg1 for initial access.
Information #6 and #7 are for access management/control which can indicate an NR UE whether this cell could be the target cell of the NR UE. If not, the NR UE can directly give this cell up without any further operation.
Information #1 is for a frame-level synchrony with the gNB. It is needed for NR UEs to at least locate available RACH occasions.
Therefore, the information carried by PBCH in NR are: 
· The necessary information for the reception of the configuration/broadcast about initial access without which UEs cannot establish the connection with the gNB;
· The information for access management/control to let UEs evaluate whether the cell can be their target cell.
AIoT system may not need to broadcast the information on how to receive the configuration/broadcast about RACH/initial access, such as information #2 to #5 in NR PBCH. As we discussed in [3], AIoT system cannot support transmission schemes as flexible as how NR does, e.g., variable SCSs and system bandwidth etc. AIoT devices cannot afford such flexibility, because programmable hardware (such as DSP and CPU) is difficult to deploy in AIoT devices due to the high requirement of both power and cost. The parameters/numerology for transmissions of downlink and uplink AIoT signal could be almost fixed. In this case, AIoT devices can directly receive downlink signal and transmit uplink signal according to the standard specification without any additional assistant information.
AIoT system does not need to broadcast the information for cell reselection such as information #7 in NR PBCH. It was already agreed in [2] that no cell selection/reselection is supported for AIoT devices. 
Regarding to information #6 in NR PBCH, the necessity to broadcast similar information in AIoT system may depend on further discussion in RAN2.
Regarding to information #1 in NR PBCH, in our view, AIoT devices do not need to know the frame number. As discussed in [3] and observations in above, AIoT devices cannot maintain a long-time synchrony with the gNB. Hence, it is more likely that from AIoT device aspect the system is asynchronous system [3]. In this case, the frame number is meaningless to AIoT devices.
Observation #4: 
· Broadcasting the information on how to receive the configuration/broadcast about RACH/initial access is not necessary in an AIoT system.
· Broadcasting the information of ‘cellBarred’ may or may not be necessary.
· If needed, the information of ‘cellBarred’ can be carried by group-common or cell-common PDSCH.
On the other hand, not supporting specific PBCH can help to boost the standardization progress. PDSCH can carry MIB-like information (e.g., ‘cell Barred’) when necessary.
Proposal #4: PBCH is not necessary for AIoT devices.
PDCCH
In our view, PDCCH should be supported in AIoT system.
As discussed in [3], we have following observations:
Observation #5: 
· AIoT devices cannot maintain a synchrony with the gNB as long as legacy UEs usually do.
· The gNB cannot accept complete asynchronous communication with AIoT devices.
In RFID system, a reader can communicate with only one tag at a time. If the reader would like to move to another tag, the reader must either wait till the current tag completes all processing and successfully feedback the reply or give the current tag up.
A gNB cannot accept communication with AIoT devices as asynchronous as an RFID reader does. For one reason, the spectrum efficiency could be low which is a problem with asynchronous communication. RFID readers spend a lot of time waiting and the processing time of tags would even occupy time resources. For another reason, the gNB needs to handle potential interference between NR UEs and AIoT devices, particularly in the in-band deployment scenario. For a system as asynchronous as an RFID system, transmissions from tags are almost out-of-control. If the gNB does not know the exact time resource which an AIoT device would utilize for its uplink transmission, the interference management could not be feasible.
In another word, at least for AIoT uplink transmission, the gNB needs to indicate a time resource for an AIoT device to control the uplink transmission. The indication on uplink time resources for the AIoT device could be carried by either PDSCH or PDCCH.
Observation #6: At least for AIoT uplink transmission, the gNB needs to indicate a time resource for an AIoT device to control the uplink transmission. The indication on uplink time resources for the AIoT device could be carried by either PDSCH or PDCCH.
Between PDSCH and PDCCH, we tend to choose PDCCH to carry the scheduling information of uplink, as well as downlink. The information of PDCCHs is usually shorter than that of PDSCHs. Consequently, monitoring PDCCHs is simpler than monitoring PDSCHs. Besides, PDCCH-based scheduling is more suitable for multi-device scheduling which can help to improve the spectrum efficiency.
AIoT devices have both physical layer and higher layer which is different from RFID tags. Separating the PHY control and PHY transmission functionalities can help to simplify the design of PDSCH. Consequently, the standardization progress can be boosted as well because the discussions on PDSCH and PDCCH can be in parallel.
Observation #7: AIoT devices have both physical layer and higher layer. Separating the PHY control and PHY transmission functionalities can help to simply the design of PDSCH.
We also think that group-common/cell-common PDSCH should be supported to carry common information/configurations for AIoT devices. If PDCCH is supported, group-common/cell-common PDSCH can share the design with device-specific PDSCH as much as possible.
Proposal #5: PDCCH is supported for AIoT devices to carry the scheduling information of both uplink and downlink.

Conclusion
In this contribution, we consider the aspects of downlink and uplink channel/signal. We have following observations and proposals:
Proposal #1: PUSCH is supported for AIoT devices.
Proposal #2: PUCCH is not necessary for AIoT devices.
Proposal #3: PDSCH is supported for AIoT devices.
Proposal #4: PBCH is not necessary for AIoT devices.
Proposal #5: PDCCH is supported for AIoT devices to carry the scheduling information of both uplink and downlink.

Observation #1: AIoT devices may have following features:
· No stable power supply (type A and type B)
· No PA (type A) or very limited PA (type B)
· Dynamic memory is very limited.
· No programmable hardware (such as DSP, CPU etc.) and the computation capability must be very limited.
· Omnidirectional and single antenna
· Oscillator error can be obvious. AIoT devices are poor at being synchronous with the gNB.
· Uplink is based on backscattering operation rather than generating signal by the device itself (type A and type B).

Observation #2: AIoT devices may be:
· Narrow band, equal to or lower than one RB in NR (with 15kHz SCS).
· Single carrier wave rather than OFDM/SC-FDM.
· TDMA, which should be the basic assumption on the multiple access manner. FDMA could be a supplement if the frequency spectrum is abundant.

Observation #3: For AIoT devices:
· No CSI feedback is needed for AIoT devices.
· No HARQ-feedback is necessary.
· SR seems not necessary.
· DO-A AIoT devices can wait for available uplink resources to report the need for UL resources, or the gNB can regularly ask DO-A AIoT devices to report their need for UL resources, when necessary.

Observation #4: 
· Broadcasting the information on how to receive the configuration/broadcast about RACH/initial access is not necessary in an AIoT system.
· Broadcasting the information of ‘cellBarred’ may or may not be necessary.
· If needed, the information of ‘cellBarred’ can be carried by group-common or cell-common PDSCH.

Observation #5: 
· AIoT devices cannot maintain a synchrony with the gNB as long as legacy UEs usually do.
· The gNB cannot accept complete asynchronous communication with AIoT devices.

Observation #6: At least for AIoT uplink transmission, the gNB needs to indicate a time resource for an AIoT device to control the uplink transmission. The indication on uplink time resources for the AIoT device could be carried by either PDSCH or PDCCH.

Observation #7: AIoT devices have both physical layer and higher layer. Separating the PHY control and PHY transmission functionalities can help to simply the design of PDSCH.
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