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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]The study item on solutions for Ambient IoT (Internet of Things) was approved in RAN#102 meeting [1]. The main objectives are described as follows:
	General Scope
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.

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).
E. Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 

The following objectives are set, within the General Scope:
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.

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. 
· 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.


This contribution provides views on general aspects of physical layer design for A-IoT.

General aspects of physical layer design for A-IoT
1.1     Numerologies and bandwidth
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The OFDM numerologies have been supported in the legacy LTE/NR system, such as subcarrier spacing (SCS) and cyclic prefix (CP). The specific SCS value is 15KHz, 30KHz or 60KHz in FR1 and 60KHz or 120KHz in FR2, and the CP length is divided as normal CP and extended CP. Considering A-IoT devices need ultra-low complexity and ultra-low power consumption design, it may be hard to reuse cyclic prefix mechanism for A-IoT system. Therefore, it is less likely to duplicate the tails of OFDM symbols as guard interval to avoid inter-symbol interference for A-IoT system, especially for indoor inventory scenario. 
Proposal 1: At least for A-IoT indoor inventory scenario, there is no need to support cyclic prefix (CP) mechanism.
In addition, we have the common understanding that it can reuse SCS value in legacy LTE/NR system as a starting point, such as 15KHz and/or 30KHz. Based on TR 38.848 [2], the feasibility of latency was reported typically by comparing a message size to a data rate, for example 1000 bit / 5 kbps = 200 ms latency for the largest message size at the target peak rate. It can be observed that the semi-passive/passive A-IoT devices are not sensitive to latency, thus new additional SCS value specific to A-IoT can also be considered, such as 7.5KHz, 3.75KHz.
Proposal 2: For A-IoT, reuse SCS value in legacy LTE/NR system as a starting point, i.e., 15KHz and/or 30KHz.
· It is not precluded to define new additional SCS value specific to A-IoT.
· FFS: 3.75KHz, 7.5KHz.
The supported maximum bandwidth is 5MHz, 10MHz, 20MHz or 100MHz in FR1 for legacy LTE/NR UEs and (e)RedCap UEs. For NB-IoT and eMTC, the system bandwidth is 1RB (180KHz) and 6RB (1.08MHz), respectively. The system bandwidth size significantly affects the device performance and complexity. With constraints to the capability of A-IoT devices and low performance requirements, it can reuse 1RB (180KHz) system bandwidth at least for A-IoT devices with 1 µW peak power consumption. Further study whether it is necessary to configure larger system bandwidth for A-IoT devices with a few hundred µW peak power consumption with low priority.
[bookmark: _Hlk157953603][bookmark: _Hlk157698325]Proposal 3: Support the system bandwidth of 1RB (180KHz) as a starting point, at least for A-IoT devices with 1 µW peak power consumption. 
· FFS: whether it is necessary to configure larger system bandwidth for A-IoT devices with a few hundred µW peak power consumption with low priority.

1.2     [bookmark: OLE_LINK6][bookmark: OLE_LINK7]Waveform
The study item on A-IoT shall target for an IoT segment well below the existing 3GPP IoT technologies, e.g. NB-IoT, eMTC and RedCap, while aiming to replace the existing RFID technology and expand the prosperous IoT market. Considering the ultra-low complexity, ultra-low power consumption and ultra-low cost design target for A-IoT devices, we think the RF envelope detection is a good choice. The design of waveform and modulation can be simple enough to significantly reduce the device complexity and cost if RF envelope detection can be utilized.
For DL, it can reuse LP-WUS waveform design such as OOK-1/4 as much as possible. The waveform of OOK-1 means only one single-bit is modulated per OFDM symbol. The waveform ‘ON’ means all signals are modulated, and the waveform ‘OFF’ means all signals have zero power from the base-band point of view. Moreover, OOK-4 has an additional precoding procedure based on OOK-1, which only brings a little complexity for gNB implementation and has no impact on the receiving process of A-IoT devices. From our perspective, it is enough to support OOK-1/4 for A-IoT devices with 1 µW peak power consumption. However, further study is needed to identify whether to support other waveform types for A-IoT devices with a few hundred µW peak power consumption.
Proposal 4: For DL, support to reuse LP-WUS DL waveform design such as OOK-1/4 at least for A-IoT devices with 1 µW peak power consumption.
· [bookmark: _Hlk157953735]FFS: whether it is necessary to support other waveform types for A-IoT devices with a few hundred µW peak power consumption.

[bookmark: _Hlk158017554][bookmark: _Hlk158208411]For UL transmission of A-IoT device with 1 µW peak power consumption, the signal is backscattered on a carrier wave provided externally. Moreover, for A-IoT devices with a few hundred µW peak power consumption, the UL transmission may be generated internally by the device or be backscattered on a carrier wave provided externally. A single-tone sinusoid waveform can be considered as the backscattered UL waveform, and other waveform types for the UL transmission generated internally by the device with low priority can be further studied.
[bookmark: _Hlk158208482]Proposal 5: A single-tone sinusoid waveform can be considered as backscattered UL waveform provided externally.
· Further study on other waveform types for the UL transmission generated internally by the device with low priority.

1.3     Modulation
For Interrogator-to-Tag (R->T) communication in RFID system, an interrogator communicates with one or more tags by DSB-ASK, SSB-ASK, or PR-ASK modulation with PIE (Pulse Interval Encoding) encoding. During one inventory round, interrogators shall use a fixed modulation format and data rate. Tags shall demodulate all three modulation types. Moreover, for Tag-to-Interrogator (T->R) communication using backscatter modulation, a tag backscatter shall use ASK and/or PSK modulation. The detailed information on modulation can be found in [3]. 
[image: 工程绘图

中度可信度描述已自动生成]
Fig 1. Illustration of modulation in RFID [3]
[bookmark: _Hlk158021716]Considering the RF envelope detection would be applied in A-IoT system, we think the RFID-like modulation format can be reused as baseline, such as ASK or OOK. The detailed A-IoT modulation can be further discussed and clarified. Further study on whether the down-selection or differentiation of A-IoT DL and UL modulation is needed or not.
Proposal 6: Support ASK/OOK for A-IoT modulation. 
· FFS: the detailed A-IoT modulation format.
· FFS: whether the down-selection or differentiation for DL and UL modulation is needed or not.

1.4     Coding
The coding mechanism has been well used in IoT and RFID system with the consideration of the complexity and robust, such as Manchester coding, PIE, FM0 and Miller. For R->T link in RFID system, PIE coding is utilized as shown below. Tari is the reference time interval for R->T signaling and is the duration of a data-0. During an inventory round, interrogators shall use a fixed modulation depth, rise time, fall time, PW, Tari, data-0 length, and data-1 length. The detailed specific value can be found in [3]. For T->R link in RFID system, tags shall encode the backscattered data as either FM0 (bi-phase space) or Miller modulation at a fixed data rate. A FM0 data-0 has an additional mid-symbol phase inversion while data-1 has no mid-symbol phase inversion. FM0 shall invert the baseband phase at every symbol boundary. Baseband Miller inverts its phase between two data-0s in sequence and also places a phase inversion in the middle of a data-1 symbol. 
The following illustration can be a reference for how to modulate symbols as PIE, FM0 and Miller [3].
[image: 图示, 示意图
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Fig 2. Illustration of PIE symbols [3]
[image: 图示, 工程绘图, 示意图
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Fig 3. Illustration of FM0 basis functions and generator state diagram [3]
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Fig 4. Illustration of FM0 symbols and sequences [3]
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Fig 5. Illustration of miller basis functions and generator state diagram [3]
The basic functionalities of FM0 and Miller are similar to Manchester coding, which uses the mid-symbol phase inversion to represent coded data. There are two types of Manchester coding. One is that data-0 means the phase inversion from high level to low level and data-1 means the phase inversion from low level to high level. The other is reverse, data-0 means the phase inversion from low level to high level and data-1 means the phase inversion from high level to low level. The phase inversion of Manchester code is used to keep synchronization between the sending and receiving devices with higher reliability and less complexity. Based on the above analysis, we think Manchester coding is a good choice for A-IoT devices with ultra-low complexity and ultra-low cost. Two types of Manchester coding can be supported for A-IoT system. Further study on whether down-selection or other clarification is needed or not.
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Fig 6. Illustration of two types of Manchester coding for A-IoT 
Proposal 7: Support two types of Manchester coding for A-IoT devices.
· Type 1: data-0 means the phase inversion from high level to low level and data-1 means the phase inversion from low level to high level.
· Type 2: data-0 means the phase inversion from low level to high level and data-1 means the phase inversion from high level to low level.
· FFS: whether down-selection or other clarification is needed or not.

1.5     CRC
For RFID, a CRC is a cyclic redundancy check for the tag and interrogator to ensure the validity of certain R->T commands and certain backscattered T->R replies. There are two CRC types supported by RFID, i.e., CRC-16 and CRC-5. The length of CRC-16 precursor and CRC-5 precursor is 16 bits and 5 bits, respectively. The polynomial of CRC-16 is x16+x12+x5+1. And the polynomial of CRC-5 is x5+x3 +1. The detailed information on the calculation of CRC-16 and CRC-5 can be found in Annex F [3]. 
Considering the similarity of RFID and A-IoT devices, we think the CRC types supported by RFID can be reused for A-IoT devices. The transmitted data size can be a fixed number to save calculation memory and avoid more complexity. Further study whether more values of data size are needed or not. Hence, we have the following proposals.
Proposal 8: Support CRC-5 and/or CRC-16 for A-IoT devices. 
Proposal 9: The transmitted data size of X can be a fixed number as a starting point.
· FFS: X.
· FFS: identify whether more values of data size are needed or not. 

1.6     Multiple access
[bookmark: _Hlk157938043][bookmark: _Hlk157938027][bookmark: _Hlk158018297]For A-IoT system, considering hundreds and thousands of devices shall be supported for inventory and command scenarios, multiple access mechanism shall be studied to avoid collision. According to the traditional ALOHA protocol, the transmission of multi-user data can be separated by TDM method, thus similar mechanism can be as a starting point for simplicity and less specification impact. The priority principle of multi-user transmission can be predefined based on gNB in the TDM mode with the consideration of user fairness or randomicity. When new use cases and specific requirements are identified, it is not precluded to support frequency division multiplexing (FDM) and code division multiplexing (CDM) with low priority.
Proposal 10: Reuse the traditional ALOHA protocol to avoid access collision in A-IoT system.
Proposal 11: For A-IoT, support time division multiplexing (TDM) for the transmission of multi-user data. 
· Further decide on the priority principle of multi-user transmission in TDM mode with user fairness or randomicity, which is up to gNB implementation.
· It is not precluded to support frequency division multiplexing (FDM) and code division multiplexing (CDM) unless new use cases and specific requirements are identified.

Conclusions
In this contribution, we have the following proposals:
Proposal 1: At least for A-IoT indoor inventory scenario, there is no need to support cyclic prefix (CP) mechanism.
Proposal 2: For A-IoT, reuse SCS value in legacy LTE/NR system as a starting point, i.e., 15KHz and/or 30KHz.
· It is not precluded to define new additional SCS value specific to A-IoT.
· FFS: 3.75KHz, 7.5KHz.
Proposal 3: Support the system bandwidth of 1RB (180KHz) as a starting point, at least for A-IoT devices with 1 µW peak power consumption. 
· FFS: whether it is necessary to configure larger system bandwidth for A-IoT devices with a few hundred µW peak power consumption with low priority.
Proposal 4: For DL, support to reuse LP-WUS DL waveform design such as OOK-1/4 at least for A-IoT devices with 1 µW peak power consumption.
· FFS: whether it is necessary to support other waveform types for A-IoT devices with a few hundred µW peak power consumption.
Proposal 5: A single-tone sinusoid waveform can be considered as backscattered UL waveform provided externally.
· Further study on other waveform types for the UL transmission generated internally by the device with low priority.
Proposal 6: Support ASK/OOK for A-IoT modulation. 
· FFS: the detailed A-IoT modulation format.
· FFS: whether the down-selection or differentiation for DL and UL modulation is needed or not.
Proposal 7: Support two types of Manchester coding for A-IoT devices.
· Type 1: data-0 means the phase inversion from high level to low level and data-1 means the phase inversion from low level to high level.
· Type 2: data-0 means the phase inversion from low level to high level and data-1 means the phase inversion from high level to low level.
· FFS: whether down-selection or other clarification is needed or not.
Proposal 8: Support CRC-5 and/or CRC-16 for A-IoT devices. 
Proposal 9: The transmitted data size of X can be a fixed number as a starting point.
· FFS: X.
· FFS: identify whether more values of data size are needed or not.
Proposal 10: Reuse the traditional ALOHA protocol to avoid access collision in A-IoT system.
Proposal 11: For A-IoT, support time division multiplexing (TDM) for the transmission of multi-user data. 
· Further decide on the priority principle of multi-user transmission in TDM mode with user fairness or randomicity, which is up to gNB implementation.
· It is not precluded to support frequency division multiplexing (FDM) and code division multiplexing (CDM) unless new use cases and specific requirements are identified.
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Figure H.1: Interrogator-to-Tag modulation
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Figure 6.1: PIE symbols
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Figure 6.8: FMO basis functions and generator state diagram
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Figure 6.9: FM0 symbols and sequences
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Figure 6.12: Miller basis functions and generator state diagram
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