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In TSG RAN Meeting #102, a new SID of studying on solutions for Ambient IoT in NR has been agreed [1]. Part of general scope and objectives are listed below.
	The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:
A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. ~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.
ii. ≤ a few hundred µW peak power consumption1, 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.
· X  is to be decided in WGs.
· Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
NOTE 1: It is to be understood that “≤ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “≤ a few hundred µW” requirement.

B. Deployment Scenarios with the following characteristics, referenced to the tables in Clause 4.2.2 of TR 38.848:
· Deployment scenario 1 with Topology 1
· Basestation and coexistence characteristics: Micro-cell, co-site
·   Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control
· Basestation and coexistence characteristics: Macro-cell, co-site
· The location of intermediate node is indoor
C.  FR1 licensed spectrum in FDD.
D. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).
       …
The following objectives are set, within the General Scope:
1. Evaluation assumptions
…
2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination (coordination with SA3 is required for privacy aspects).
· 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.



In this paper, we discuss and give our views on the general aspects of ambient IoT physical layer design.

2	Discussion
2.1 	Use Cases and Deployment Scenarios
In TR 22.840 [2], SA1 provides set of use cases which are relevant to Ambient IoT study. Although, the defined use cases encompass various scenarios like manufacturing, medical applications, and usage in IoT sensors in smart homes, from our point of view, the use cases focused on automated warehousing, logistics, manufacturing are higher priority, and their requirements need to be carefully studied.
Proposal 1: Study the requirements of use cases of automated warehousing, logistics, manufacturing for Ambient IoT study.
Any logistics or inventory management operation requires reading the IoT devices during different operational stages like unloading, gate-in inventory, gate-out inventory, and loading [2]. However, during such operations, the reader may not be aware of IoT device(s) within its coverage as a backscatter communication based IoT device cannot initiate its discovery to the network due to lack of uplink without a carrier wave transmission. Therefore, the discovery procedure instead needs to be initiated by the network itself for such cases and the reader may need to broadcast a default signal periodically which any Ambient IoT device in range can respond to. For such cases, the legacy paging mechanism does not work which requires transmission of UE identity within the paging message. Hence, a new mechanism may need to be defined where a reader may poll response from any Ambient IoT device within its range using a default downlink signal/transmission.
Observation 1: Different stages of the logistics or inventory management operations (like unloading, gate-in inventory, gate-out inventory and loading) require a reader to discover the IoT device(s) within its communication range.
Proposal 2: Study mechanism where a reader may poll for response from any IoT device within its communication range.
The use case defined for intralogistics in automobile manufacturing provides important set of requirements. For instance, the ambient IoT feature is expected to provide reliable positioning service during inventory management in this scenario [2]. The primary objective here is to locate the IoT devices deployed on the load containers. For a large facility of around 600,000 sq-m, this requires deployment of around 1300 stationary readers where in total 800,000 ambient IoT devices would be physically present (~615 devices per reader) [2]. To locate a specific load container requires readers to poll the ambient IoT device (attached to the given load container) and determine the location of the given IoT device. For legacy NR, this can be easily supported using paging operation for idle mode UEs and polling via C-RNTI for connected mode UEs. But for Ambient IoT devices with no RRC states, this requires further consideration in context of the procedure to be used for the polling mechanism and which identifier can be used for polling (whether C-RNTI or TMSI or device id) and the subsequent response from the IoT device.
Observation 2: For inventory check operations within a large manufacturing site (e.g. automobile manufacturing), network may be required to locate a specific IoT device among all the IoT devices present.
Proposal 3: Study the mechanism for a reader to locate a specific IoT device in presence of multiple IoT devices within the reader’s communication range.
Moreover, the use case of automobile manufacturing also assumes that one reader is deployed within a block of 18m by 18m within the manufacturing site [2]. Deployment of large number of readers close to each other poses high risk of CLI especially when device communication is enabled by backscatter communication where DL transmission from readers and UL reception of the backscattered transmission from the IoT device are expected to occur over the same symbol. This can cause serious CLI levels as the UL transmissions from the IoT devices are expected to be low powered while the DL transmissions from the interfering readers can have high power. Hence, further investigation is required on the CLI experienced to receive the UL transmissions from the Ambient IoT devices and develop methodologies to mitigate the experienced CLI.
Observation 3: Due to low power of uplink transmissions from IoT device, backscatter communication is likely to experience large CLI for UL reception of IoT devices in presence of high-powered DL transmissions from nearby readers.
Proposal 4: Study mechanisms to mitigate CLI experienced by a reader for receiving UL transmissions from the IoT devices in presence of DL transmissions from nearby readers.
The SID contains description of two deployment scenarios- Deployment scenario 1 (Device indoors, base station indoors) with Topology 1 (BS ↔ Ambient IoT device) and Deployment scenario 2 (Device indoors, base station outdoors) with Topology 2 (BS ↔ intermediate node ↔ Ambient IoT device) where the detailed description of these is provided in TR 38.848 [3]. While both scenarios require significant discussion in context of supporting backscatter communication, the Topology-2 requires additional considerations.
Illustration of Topology 2 based on TR 38.848
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In Topology-2, where UE acts as intermediate node, a few gNBs can be deployed outside the facility and large number of UEs (or readers) can be deployed within the site to perform the communication with Ambient IoT devices. Thus, this topology eliminates the need to deploy gNBs in large quantity and hence reducing the overall CAPEX of network deployment. However, to support backscatter communication in such a setting requires good coordination between gNB and intermediate UE for resource allocation of backscatter communication specially considering the high CLI which is expected to occur in such scenarios.
Proposal 5: Study coordination requirements between gNB and intermediate UE to support backscatter communication for Topology 2.
Moreover, the resource configuration of intermediate UEs (by the gNB) to allow backscatter transmission needs to be investigated. For instance, gNB may need to configure semi-static resources to the intermediate UE for periodic polling of nearby IoT devices (e.g. during gate-in inventory check) and may need to schedule dynamic resources to enable ad-hoc communication with the IoT device (e.g. for inventory check or positioning). In both cases, the intermediate UE may need to support simultaneous UL and DL within the same band which further complicates the resource allocation issue. 
Proposal 6: Study resource allocation enhancements for an intermediate UE in Topology 2 to enable backscatter communication.
2.2 	Downlink and uplink
For ambient IoT radio interface, we define that the downlink (DL) is the transmission link from network device or UE device to ambient IoT device, and the uplink (UL) is the transmission link from ambient IoT device to network device. In addition, we define the carrier-wave link (CL) that is the link providing carrier-wave signal for ambient IoT device’s backscatter transmission, if any.
Due to the huge difference between DL and UL, for example RF signal generation ability and power consumption, there could be some more difference between DL and UL for ambient IoT interface compared with NR interface. In NR, we have a unified design of numerologies, bandwidths, multiple access, waveform, modulation and coding between DL and UL. However, there could be some difference between DL and UL for ambient IoT interface.
Proposal 7: There could be some difference on numerologies, bandwidths, multiple access, waveform, modulation and coding aspect between downlink and uplink for ambient IoT interface.

2.3	Numerologies and bandwidths
Considering the potential in-band and guard-band deployment of ambient IoT operation, coexistence with the current NR and/or LTE system should be considered. It has benefit to have compatible numerologies between ambient IoT radio interface and NR radio interface, that means the SCS is  KHz in both forward link and backward link. 
In NR, the SCS for initial access is predefined on each band, UE uses the predefined SCS to search SSB. In RRC connected state, SCS of BWP can be configured by RRC. It requires a little bit high device capability to support configurable flexible SCS. Regarding the device complexity for ambient IoT, there is no strong motivation to support such flexible SCS configuration. Predefined numerology on each band is sufficient.
Proposal 8: There is no need to support flexible numerologies configuration for ambient IoT device. Predefined numerology on each band is sufficient.
For ambient IoT interface, DL signal is transmitted by network or UE which can support larger bandwidth. UL signal is transmitted by ambient IoT device using backscatter transmission. Considering the coverage of UL transmission, time duration of a backscatter transmission symbol may not be too short that more energy is conveyed on the symbol to have better coverage. When simple OOK is applied for backscatter transmission, longer time duration of an OOK symbol means narrower bandwidth of transmission signal. On the contrary, due to larger transmission power in DL, power unbalance between DL and UL is more serious, e.g., larger than 40dB. DL transmission symbol may not need much long duration that the DL bandwidth could be wider.
Proposal 9: Power unbalance between DL and UL transmission especially for ambient IoT backscatter transmission is more serious. For ambient IoT, DL bandwidth and UL bandwidth is not required to be the same.
In NB-IoT, the bandwidth between DL and UL may be different. For example, in NB-IoT, UE operates in the downlink using 12 sub-carriers with a sub-carrier bandwidth of 15kHz, and in the uplink using a single sub-carrier with a sub-carrier bandwidth of either 3.75kHz or 15kHz or alternatively 3, 6 or 12 sub-carriers with a sub-carrier bandwidth of 15kHz. The complexity ambient IoT device is to be orders-of-magnitude lower than NB-IoT. Thus, DL and UL bandwidth of NB-IoT is considered as the starting point to study the DL and UL bandwidth of ambient IoT. For example, DL bandwidth of ambient IoT is one RB and UL bandwidth of ambient IoT is one sub-carrier.
Proposal 10: DL and UL bandwidth of NB-IoT is considered as the starting point to study the DL and UL bandwidth of ambient IoT. For example, DL bandwidth of ambient IoT is one RB and UL bandwidth of ambient IoT is one sub-carrier.

2.4	Multiple access and waveform
The main multiple access for NR and LTE is OFDMA, which is time-frequency two dimensions orthogonal multiple access. For ambient IoT’s multiple access, ambient IoT device is considered to have at least TDM capability. As for the FDM capability, to support it will of course increase device’s complexity. It needs to study whether FDM should be supported for ambient IoT considering the typical ambient IoT device’s complexity.
Proposal 11: At least TDM method is used for ambient IoT’s multiple access. FFS on FDM method.
Since OFDM has been supported by network and UE, from ambient IoT interface DL transmitter and UL receiver’s perspective, using OFDM waveform can reuse the existing transmitter and receiver chain which on one hand can reduce device’s cost and on the other hand can be better coexistent with legacy service when in-band operation is applied. However, from ambient IoT device’s perspective, supporting OFDM waveform may require higher device complexity. In the study of LP-WUS, OFDM is used to generate OOK signal and OOK is the waveform of LP-WUS. Similar, OOK could be the waveform of ambient IoT interface. For the off symbol in OOK, DL symbol may not have zero power since minimal RF power may be needed for ambient IoT device’s reception, and UL symbol may not have zero power since backscatter transmission may not absorb RF power completely.
Proposal 12: OOK could be the waveform of ambient IoT interface. For the off symbol in OOK, DL symbol may not have zero power since minimal RF power may be needed for ambient IoT device’s reception, and UL symbol may not have zero power since backscatter transmission may not absorb RF power completely.

2.5	Modulation and coding
In NR, LDPC coding is used for data channel’s coding and polar code is used for control channel’s coding including DCI, UCI (>11 bits) and PBCH. Both of them require high implemental complexity which seems far beyond the ambient IoT device’s capability. Similar, high order modulation such as 16 QAM and 64 QAM modulation is also too complex for the ambient IoT devices. For ambient IoT interface, it needs to seek for simpler and effective modulation and coding method. It may require to have a single procedure combining modulation and coding together. Separate modulation and channel coding as legacy system may not have benefit for ambient IoT considering the required very low device’s complexity.
Proposal 13: LDPC, polar code and high order modulation (such as 16 QAM and 64 QAM) are too complex for ambient IoT device. It needs to seek for new simple and effective modulation and coding method, for example combining modulation and coding together.

3	Conclusion
In this contribution, we give our views on the general aspects of ambient IoT physical layer design, and propose that:
Proposal 1: Study the requirements of use cases of automated warehousing, logistics, manufacturing for Ambient IoT study.
Proposal 2: Study mechanism where a reader may poll for response from any IoT device within its communication range.
Proposal 3: Study the mechanism for a reader to locate a specific IoT device in presence of multiple IoT devices within the reader’s communication range.
Proposal 4: Study mechanisms to mitigate CLI experienced by a reader for receiving UL transmissions from the IoT devices in presence of DL transmissions from nearby readers.
Proposal 5: Study coordination requirements between gNB and intermediate UE to support backscatter communication for Topology 2.
Proposal 6: Study resource allocation enhancements for an intermediate UE in Topology 2 to enable backscatter communication.
Proposal 7: There could be some difference on numerologies, bandwidths, multiple access, waveform, modulation and coding aspect between downlink and uplink for ambient IoT interface.
Proposal 8: There is no need to support flexible numerologies configuration for ambient IoT device. Predefined numerology on each band is sufficient.
Proposal 9: Power unbalance between DL and UL transmission especially for ambient IoT backscatter transmission is more serious. For ambient IoT, DL bandwidth and UL bandwidth is not required to be the same.
Proposal 10: DL and UL bandwidth of NB-IoT is considered as the starting point to study the DL and UL bandwidth of ambient IoT. For example, DL bandwidth of ambient IoT is one RB and UL bandwidth of ambient IoT is one sub-carrier.
Proposal 11: At least TDM method is used for ambient IoT’s multiple access. FFS on FDM method.
Proposal 12: OOK could be the waveform of ambient IoT interface. For the off symbol in OOK, DL symbol may not have zero power since minimal RF power may be needed for ambient IoT device’s reception, and UL symbol may not have zero power since backscatter transmission may not absorb RF power completely.
Proposal 13: LDPC, polar code and high order modulation (such as 16 QAM and 64 QAM) are too complex for ambient IoT device. It needs to seek for new simple and effective modulation and coding method, for example combining modulation and coding together.
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