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1. [bookmark: _Ref27419]Introduction
In RAN #102 meeting, new study item on Ambient IoT was approved in [1] . 
	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.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.
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 contribution, based on the objectives of SI, general aspects of Ambient IoT physical layer design have been discussed including waveform, modulation, numerologies, bandwidths, coding and multiple access.
2. Discussion
2.1. Waveform and modulation
According to the SID of Ambient IoT, there are two types of devices [1]. Both devices are designed for low peak power consumption and complexity. Therefore, ASK, PSK, FSK and other low-complexity and low-power modulation scheme can be considered as a baseline. The detailed analysis on waveform and modulation for DL and UL are described as below.
	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.
· 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.


· Waveform
For DL transmission, in order to achieve lower power modulation schemes, two potential waveform generation is discussed as below.
· [bookmark: OLE_LINK2]Single tone waveform
[bookmark: OLE_LINK1]It has a very simple signal generation formula, e.g. , where A is the amplitude of the signal and  is the carrier frequency. Due to the new waveform generation, the implementation cost is higher than other waveforms. However, the high/low pulse of single tone waveform is more stable under a good propagation environment at transmitter side. In addition, another way to implement single tone waveform is to support DFT-s-OFDM for DL transmission. It has been supported for NR UL transmission. In our views, DFT-s-OFDM can be considered as one candidate waveform for Ambient IoT DL. By the way, single tone waveform has been used for NB-IoT so that the performance under narrow band can be guaranteed.
· [bookmark: OLE_LINK3]MC-ASK waveform
In this case, there are two waveform alternatives including OOK-1 and OOK-4. Both OOK-1 and OOK-4 can enable the Ambient IoT device to detect signal in time domain. 
For OOK-1, the amplitude signal is modulated after IFFT operation. It can be co-existed with NR DL transmission very well. However, one OFDM symbol only carries one amplitude symbol (i.e. 1bit) so that it has lower spectrum efficiency. For small sub-carrier spacing (such as 15KHz), it may have negative impact on the energy harvesting of Ambient IoT device because the low-power level occupies a long duration. Moreover, it takes longer time and higher power consumption for Ambient IoT device to detect the OOK-1 signal. Therefore, it needs higher SCS and additional implementation to make sure that the Ambient IoT device can harvest sufficent energy to receive and process OOK-1 signal. 
For OOK-4, multiple amplitude signal is modulated after a series of operations including DFT and IFFT. It can be co-existed with NR DL transmission and have better spectrum efficiency by transmitting more amplitude symbols in one OFDM symbol. However, it needs a wider bandwidth to carry multiple amplitude symbols in one OFDM symbol. For the Ambient IoT device, OOK-4 waveform may be limited by the narrower bandwidth and further the number of amplitude symbols is limited.  
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	a) OOK-1
	b) OOK-4


Figure 1 MC-ASK waveform
Basically, the OOK-4 is one of the most efficient way to implement the MC-ASK waveform. It can be used for DL transmission without significant change of legacy implementation because the signal is just performed two FFT transformation operations. Therefore, MC-ASK waveform can be considered for Ambient IoT DL.
[bookmark: _Ref12967][bookmark: _Toc16509]Both single-tone waveform and MC-ASK waveform can be considered as the starting point for the Ambient IoT DL transmission. 
For UL transmission, two types of device are considered, i.e. one can only perform backscatter transmission and the other can generate and transmit signals by itself. Since the backscatter transmission is a modulation of CW, the waveform of backscatter link depends on the CW. And the CW is generated by BS or UE in Topology 1 or Topology 2, respectively. The corresponding waveform generation can be more complicated. However, for the device with capability to generate UL signal internally, the waveform generation is limited by the peak power consumption and complexity. 
Therefore, the capabilities of these two device types should be considered in the harmonized UL waveform generation.
[bookmark: _Ref18803]The capabilities of two device types should be considered in the harmonized UL waveform generation.
· Modulation 
According to the above analysis on waveform design, the potential modulation schemes for DL and UL transmission are discussed as below. 
For DL transmission, ASK modulation, i.e. OOK-1 and OOK-4, is the most promising choice to achieve the goal of low-power low-complexity Ambient IoT device. 
[bookmark: _Ref13039]ASK modulation should be considered for DL transmission. 
For UL transmission, backscatter transmission and internally generated UL transmission can use the same modulation scheme to simplify of the receiver at gNB side. For legacy RF ID, ASK and PSK can be implemented by impedance adjustment. Therefore, both ASK and PSK can be considered for UL. 
FSK may also be a modulation option for UL transmission. However, frequency shift capability to implement FSK modulation scheme needs to be studied for two device types. And the SFO of Ambient IoT is up to 10X ppm so that the accuracy of frequency shift is low. It may require additional frequency gap, which leads to low spectrum efficiency. Hence, the feasibility and impact of FSK modulation needs further study.
[bookmark: _Ref7491][bookmark: _Ref13085][bookmark: OLE_LINK11][bookmark: OLE_LINK5]ASK and PSK modulation can be considered for UL transmission. While the feasibility and impact of FSK modulation needs further study.

2.2. Numerologies
In LTE/NR, the definition of numerologies includes SCS, the length of CP and OFDM symbol, and the number of OFDM symbol within one slot, etc. The SCS is usually smaller, e.g. 15kHz, if larger coverage is required. For Ambient IoT, the existing numerologies should be studied as the starting point if the waveform design is based on OFDM. 
[bookmark: _Ref13117][bookmark: OLE_LINK10]For Ambient IoT, the existing numerologies should be studied as the starting point if the waveform design is based on OFDM.
Considering SFO of the low-power low-complexity device, only the symbol-level information related to numerologies should be specified, other granularity, such as slot, radio frame, is not needed. The detailed views on numerologies design for Ambient IoT DL/UL are provided as below.
· DL 
[bookmark: OLE_LINK8]In our views, numerologies design should consider the waveform generation because the co-existence with NR DL timing depends on Ambient IoT waveform.
For single tone waveform, the requirement of the orthogonality (including cyclic prefix) with NR can be relaxed. Therefore, the numerologies should be designed differently. 
For MC-ASK waveform, it is implemented by carrying multiple amplitude symbols in one OFDM symbol. The timing alignment including OFDM symbol orthogonality, CP and SCS between Ambient IoT and NR should be considered. Therefore, for DL transmission, numerologies design depends on the DL waveform pattern.
[bookmark: _Ref13153]For DL transmission, numerologies design depends on the DL waveform pattern.
· UL
[bookmark: OLE_LINK9]For UL transmission, waveform and modulation scheme, chip rate, timing alignment with OFDM symbol and the co-existence with NR UL transmission are the important aspects for numerologies design. In our view, the definition of time-domain symbol for Ambient IoT has two methods, i.e., define the length of time-domain symbol based on sampling rate or existing SCS. For example, for the case of sampling rate=1MHz, the length of time-domain symbol can be at least 8us by assuming 8 times of upsampling rate for one amplitude symbol. For another example, for the case of SCS=15kHz, the length of time-domain symbol can be 66.67us according to the definition of NR numerologies. Therefore, for UL transmission, numerologies design should consider sampling rate and SCS. 
[bookmark: _Ref13176]For UL transmission, numerologies design should consider sampling rate and SCS.
[bookmark: OLE_LINK17]Moreover, there are two different UL transmission modes for Ambient IoT device, i.e. backscatter transmission and internally generated UL transmission. In our view, for UL transmission, common numerologies for these two transmission modes should be considered in order to reduce the workload and complexity at UL receiver. 
[bookmark: _Ref13202]For UL transmission, common numerologies for backscatter transmission and internally generated UL transmission are pursued.

2.3. Bandwidth
[bookmark: OLE_LINK18]Considering the complexity and data rate of Ambient IoT, a narrow bandwidth can be considered, e.g, 1PRB. The size of bandwidth can be defined as the size of a BWP, subband or narrow band or a number of PRB. Both system bandwidth of Ambient IoT device (i.e. device BW) and data/signal transmission bandwidth (i.e. impedance matching BW) depends on the device capability.  
The size of system bandwidth can be defined as the number of subbands. It can improve the subband utilization efficiency by enabling data transmission in multiple subband and frequency hopping. As shown in Fgiure 2, a system bandwidth includes 6 subbands and each subband includes 2RBs. gNB can transmit DL signalling to Ambient IoT device in any subbands. Therefore, the subband size, the number of subband in a system bandwidth and the co-existence with NR should be considered for the bandwidth design of Ambient IoT.
[bookmark: _Ref13228]The subband size, the number of subband in a system bandwidth and the co-existence with NR should be considered for the bandwidth design of Ambient IoT.
[image: IMG_256]
Figure 2 bandwidth design for Ambient IoT
For reduction of the interference among different sub-bands, the guardband should be considered as shown in Figure 2. In addition, the interference among NR and Ambient IoT system should be considered.
For UL bandwidth, the bandwidth for data transmission and positioning signal transmission may be considered separately. In order to ensure positioning/proximity determination accuracy, the bandwidth for positioning may be wider than bandwidth for data transmission (e.g. 180kHz) and smaller than system bandwidth (e.g. 5MHz). 

2.4. Coding
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Manchester and PIE are the candidate coding schemes for DL transmission. For UL transmission, FM0 and Miller are the candidate schemes. All these coding schemes have very simple encoding and decoding process. They can also provide meaningful coding gains and timing synchronization information. Moreover, energy harvesting efficiency is also a factor considered in the DL coding scheme. In order to obtain further coding gains, FEC can be considered for Ambient IoT UL transmission considering the lower encoding complexity and higher coding gains. In addition, the payload size of Ambient IoT is larger than that of RFID so that data rate improvement should be considered for coding scheme design. 
[bookmark: OLE_LINK21]According to above analysis, there are many aspects needs to be considered in the coding schemes design. The methodology of coding schemes design for DL and UL are discussed separately.
[bookmark: OLE_LINK22]For DL transmission, it should consider two aspects including 1) the decoding complexity, e.g. correlation or pulse counting detection method, and 2) energy harvesting efficiency, e.g. high pulse ratio of PIE is larger than 50% which can provide longer time for energy harvesting. The further enhancements of coding scheme should also consider device capability, e.g. extended length of code word and joint coding scheme. Therefore, Manchester and PIE can be studied as the starting point for DL transmission and further enhancement should be considered.
[bookmark: _Ref13254]For DL transmission, the decoding complexity and energy harvesting efficiency can be considered in encoding scheme design.
[bookmark: _Ref13277]Manchester and PIE can be studied as the starting point for DL transmission and further enhancement should be considered.
For UL transmission, it should consider sampling frequency offset (SFO) because SFO can result in uncertain symbol boundary. It is easier to determine the symbol boundary by using FM0 in the UL transmission. Moreover, considering lower encoding complexity, higher coding gains and higher decoding complexity support of gNB or UE, FEC is introduced for Ambient IoT coding design to improve the decoding performance, e.g. TBCC. Therefore, FM0 can be studied as the starting point UL transmission and further enhancement should be considered (e.g. FEC).
[bookmark: _Ref13300]For UL transmission, sampling frequency offset (SFO) can result in uncertain symbol boundary which can be considered for coding scheme design.
[bookmark: _Ref13326]FM0 can be studied as the starting point for UL transmission and further enhancement should be considered (e.g. FEC).

2.5. Multiple access
The multiple access includes TDMA, FDMA, CDMA, and SDMA. Due to the low complexity of the device, it cannot support SDMA. FDMA may also be difficult to implement at least for device type 1 with~1 uw.. TDMA is relatively easy to implement for devices and can be considered as a baseline. Due to the expansion of coverage, the capacity of the system also needs to be correspondingly expanded to meet business needs, especially for delay sensitive business scenarios, such as completing the labeling and inventory of all goods carried by vehicles within the time of passing through the gate. Therefore, the TDM method may not meet the requirements and needs to be further enhanced. When CDMA is applied to uplink, the main complexity lies in decoding on the receiving side, and device implementation is relatively simple, with little impact on the device. In addition, in order to enhance uplink coverage, devices require time-domain extension to enhance coverage. Using CDMA for time-domain extension can increase uplink capacity compared to time-domain repetition. Therefore, CDMA can also be considered for uplink multiple access. For CDMA, considering the goal of increasing capacity and the decoding performance, both orthogonal and non-orthogonal sequences can be further studied.
[bookmark: _Ref20562]Both TDMA and CDMA based time-domain extension can be considered. FDMA is FFS.

3. [bookmark: OLE_LINK15]Conclusions 
In this contribution, we have discussed general aspects of Ambient IoT physical layer design have been discussed including waveform, modulation, numerologies, bandwidths, coding and multiple access. We make the following observations and proposals:
Observation 1: For DL transmission, numerologies design depends on the DL waveform pattern.
Observation 2: For UL transmission, sampling frequency offset (SFO) can result in uncertain symbol boundary which can be considered for coding scheme design. 
Proposal 1: Both single-tone waveform and MC-ASK waveform can be considered as the starting point for the Ambient IoT DL transmission. 
Proposal 2: The capabilities of two device types should be considered in the harmonized UL waveform generation.
Proposal 3: ASK modulation should be considered for DL transmission. 
Proposal 4: ASK and PSK modulation can be considered for UL transmission. While the feasibility and impact of FSK modulation needs further study.
Proposal 5: For Ambient IoT, the existing numerologies should be studied as the starting point if the waveform design is based on OFDM.
Proposal 6: For UL transmission, numerologies design should consider sampling rate and SCS.
Proposal 7: For UL transmission, common numerologies for backscatter transmission and internally generated UL transmission are pursued.
Proposal 8: The subband size, the number of subband in a system bandwidth and the co-existence with NR should be considered for the bandwidth design of Ambient IoT.
Proposal 9: For DL transmission, the decoding complexity and energy harvesting efficiency can be considered in encoding scheme design.
Proposal 10: Manchester and PIE can be studied as the starting point for DL transmission and further enhancement should be considered.
[bookmark: _GoBack]Proposal 11: FM0 can be studied as the starting point for UL transmission and further enhancement should be considered (e.g. FEC).
Proposal 12: Both TDMA and CDMA based time-domain extension can be considered. FDMA is FFS.
4. [bookmark: OLE_LINK16][bookmark: OLE_LINK25]References
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