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Introduction
In RAN#103 meeting, the SID [1] on Study on solutions for Ambient IoT in NR was approved as one of R19 RAN1-led items. In this contribution, we want to provide some initial views on the RF requirements study for Ambient IoT device
	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.
· RAN4-led:
· Coexistence study of Ambient IoT and NR/LTE.
· RF requirements study for Ambient IoT:
· Ambient IoT BS transmission and reception
· Ambient IoT Device, as per the General Scope, transmission and reception
· Intermediate node (UE), as per the General Scope, transmission and reception


Discussion
Filter
According to RAN1 chair notes [2], there are some agreements about Device 1/2a/2b architecture w/ RF-ED receiver. For example, the agreement of the architecture of Device 1 is shown as follow.
	Agreement
Study at least the following blocks for device 1 architecture.
· Antenna could be either shared or separate for RF energy harvester and receiver/transmitter.
· Matching network is to match impedance between antenna and other components (including RF energy harvester and receiver related blocks).
· RF energy harvester can include rectifier performing RF signal (AC) to DC conversion.
· Energy storage (e.g., capacitor) stores harvested energy from RF energy harvester.
· Power management unit (PMU) manages storing energy to energy storage from energy harvester and suppling power to active component blocks which needs power supply.
· Digital BB logic includes functional blocks like encoder, decoder, controller, etc.
· Memory can include two types of memory: 1) Non-Volatile Memory (NVM) such as EEPROM for permanently storing device ID, etc, and 2) registers for temporarily keeping any information required for its operation only while energy is available in energy storage.
· Clock generator provides required clock signal(s).
· Reception related blocks
· RF BPF for improving selectivity.
· Depending on implementation, it may not exist. RAN4 RF requirement (if any, e.g., ACS) and peak power consumption target also need to be considered.
· RF Envelope Detector converts RF signal to baseband.
· BB LPF can filter out harmonics and high frequency components to improve input signal quality to comparator.
· Depending on implementation, it may not exist. Presence of BB LPF is assumed for the study.
· Comparator determines high/low of input signal.
· Transmission related blocks
· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.


According to the RAN1’s agreements, Device 1/2a/2b w/ RF-ED architecture all mentioned RF BPF and BB LPF. RAN4 should further study RF BPF and BB LPF as RAN1’s agreements. In our understanding, RF BPF can effectively restrain the interference of adjacent channel leakage and improve frequency selectivity, but it needs a certain cost and size. BB LPF is a passive analog devices, which is composed of 3rd or 5th order RC filter can help to improve ACS. And it will not bring extra power consumption. At the same time, it is observed that RF envelope detector has no frequency selectivity basically. Currently R2D from reader perspective only supports TDM but doesn’t support FDM. It means that there is no inter-channel(s) interference for R2D reception but maybe existing interference from other systems. However, D2R from reader perspective supports not only TDM but also FDM. Therefore, it is not precluded that there is inter-channels interference for D2R transmission and interference from other systems. Therefore, it is necessary to relieve interference by using RF BPF and BB LPF for R2D reception and D2R transmission in some cases. Therefore, RF BPF and BB LPF exist or not in architecture depends on whether they meet the relevant RF requirements (i.e., ACS, ACLR…) or not.
Observation 1: RF BPF and BB LPF exist depending on whether they meet RF requirements or not.
Bandwidth
According to RAN1 chair notes [2], there are some agreements about bandwidth for R2D as follows.
	Agreement
At least the following bandwidths for R2D are defined for the purpose of the study:
· Transmission bandwidth, Btx,R2D from a Reader perspective: The frequency resources used for transmitting R2D
· Occupied bandwidth, Bocc,R2D from a Reader perspective: The frequency resources used for transmitting R2D, and potential guard band
· Bocc,R2D ≥ Btx,R2D
· FFS: Further constraint(s) e.g. Bocc,R2D = Btx,R2D.
· Possible values of each bandwidth are FFS


RAN4’s description and definition about bandwidth should be consistent with RAN1’s agreement. It is observed that as follow. The relationship between the channel bandwidth, the guard band and the maximum transmission bandwidth configuration is shown in Figure 1.
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Figure 1: Definition of the channel bandwidth and the maximum transmission bandwidth configuration for one NR channel
As we all know, there is no difference between DL and UL transmission bandwidth and channel bandwidth for legacy NR. Even though some companies mention that perhaps R2D and D2R are different because the transmission bandwidth of D2R is up to CW which is single-tone or multi-tone, and the transmission bandwidth of R2D is related to payload, SCS, waveform and so on. However, the transmission bandwidth of D2R is not only considering CW but also waveform by device 2b. The transmission bandwidth of R2D and D2R should be kept the same in order to consider normalization and keep consistent with legacy NR. With regard to occupied bandwidth, it is the transmission bandwidth plus the potential associated intra A-IoT guard-bands totalling Bguard,D2R and Bguard,D2R.
According to the RAN1’s agreements about bandwidth, define guard band for coexistence between A-IoT D2R and NR/LTE is up to RAN4. From this point of view, it is necessary to define system bandwidth which is the occupied bandwidth plus guard band for coexistence between A-IoT D2R and R2D in RAN4.
Proposal 1: System bandwidths for R2D and D2R need to be further discussed in RAN4.
Operating band
The scope of SID about the operating band is FDD licensed spectrum. With regard to coverage and free space loss, low band for FDD is prioritized. And 900MHz for n 8 is used to link level simulation and co-existence evaluation. However, according to the global spectrum distribution, many operators may not have 900MHz spectrum. In order to meet market demand, other FDD frequency bands should be considered, such as frequency bands less than or equal to 2 GHz.
Proposal 2: other FDD bands less than or equal to 2GHz should be considered.
RF chains
As is known to all, the cost and size of Ambient IoT devices is very low and small. It shows that the max throughput is no less than 5 kpbs. It means that the throughput is very low compared with normal UE and (e)Redcap UE. In our understanding, 1TX and 1RX chain of A-IoT device is enough.
Proposal 3: Ambient IoT device is equipped with 1TX and 1RX. RX diversity is FFS.
RF impairments
SFO
Sample clock frequency offset (SFO) is generated by frequency error of clock i.e., RC oscillator. We can take 20MHz bandwidth as an example. If its baseband sampling frequency is 20MHz, when the SFO on the device side is 104 or 105 ppm, the actual sampling frequency of the baseband maybe 18MHz to 19.8MHz, which will seriously degrade the performance. SFO will cause time offset, frequency error and will introduce linear phase drift into subcarriers. 
Proposal 4: SFO impact for RF requirements need to be considered.
ADC bits
According to Section 7.1.2.3 in TR 38.869, it can be observed that generally there is SNR degradation when the sampling rate down-sampling factor is increased from 4 to 32 for the same number of ADC bits. Higher ADC bits can reduce the SNR degradation. In addition, under the condition of full-scale sine wave input, the theoretical maximum SNR of ADC is derived from quantization noise, and the expression is SNR=6.02N (ADC bits) +1.76dB.
Proposal 5: ADC bits impact for RF requirements need to be considered.
One or multiple set of requirements
According to RAN1 chair notes [2], there are some agreements about device types and architectures as follows.
	Agreement
For the purpose of the study, RAN1 uses the following terminologies:
· Device 1: ~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.
· Device 2a: ≤ a few hundred µW peak power consumption, 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 is backscattered on a carrier wave provided externally.
· Device 2b: ≤ a few hundred µW peak power consumption, 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 is generated internally by the device.


It is observed that the power consumption of device 1 is much lower than that of device 2a and 2b. In general, the higher the power consumption, the performance of device is better, the performance of transmission and reception is better. Therefore, obviously, device 2a and device 2b have better transmission and reception performance compared with device 1.
Proposal 6: one or multiple sets of requirements for devices to define needs to study.
REFSENS, NF
According to the definition with device type, peak power consumption of device1 is 1 µW, peak power consumption of device 2a and device 2b is a few hundred µW. Generally, noise figure and power consumption are competing specifications. It is a trade-off and it is very challenging to achieve both lower noise figure and lower power consumption at the same time. REFSENS =-174 dBm (kT)+10log(RX BW)+ NF+SNR+IM. Therefore, NF and REFSENS for device is different with different target power consumption. At the same time, REFSENS is related to DL coverage. We have studied some literature [3] about REFSENS with RF-ED architecture. In low-power sensitivity mode, REFSENS is -18dBm, REFSENS is -40 dBm@200 kbps and -42 dBm@10 kbps when it is high sensitivity mode. Device 2a and 2b have better performance with LNA for RF-ED architecture. In a word, it is important to study REFSENS, NF. 
Proposal 7: REFSENS and NF for different devices need to be studied.
Amplification gain, max power
According to the definition with device type, device 1 has no DL and UL amplifier, transmission power is up to CW power and the distance with CW. Device 2a has DL and UL amplifier. The UL transmission is backscattered on a carrier wave provided externally. The coverage target is 10m~50m. The farther distance requires an amplifier to boost the power to meet the coverage. Amplification gain needs to meet the requirements of coverage and power consumption. We have studied some literatures [4], and the relationship between amplification gain and power consumption is shown in table 1. Transmission power of device 2a is related to CW power and the distance with CW and amplification gain. UL transmission of device 2b is generated internally by the device. Transmission power of device 2b can be controlled autonomously. However, it is necessary to define the maximum power in order to ensure that it is within a certain power range due to the transmission power of device 2b should be limited.
                                       Table1: overview of reflection amplifiers available in literature
	Frequency (GHz)
	Gain
	RF input power (dB)
	Technology
	Power (mW)

	5.45
	34.37
	-70
	Tunnel diode
	0.045

	5.55
	22.07
	-60
	Tunnel diode
	0.047

	0.92
	10.2
	-50
	BFT25A
	0.325

	5.25
	13
	-55
	BJT BPF405
	2

	5.8
	11.48
	-
	FET NE32584C
	6.3

	7.4
	31.5
	-15
	Silicon Avalance
	12.75

	4.5
	10.2
	-
	FET CFY30
	18

	21.2
	14
	-75
	pHMET
	209.3

	21.2
	14
	-45
	OMMIC D01PH
	330

	6.26
	8.1
	-
	FET NE32548C
	-


Observation 2: The transmission power of device 1 is determined by CW and the distance with CW.
Proposal 8: Reflection amplification gain of device 2a and max power of device 2b need to be further discussed.
Conclusions
In this paper, we provide our views on RF requirements for ambient IoT device, we have made the following observations and proposals. 
Observation 1: RF BPF and BB LPF exist depending on whether they meet RF requirements or not.
[bookmark: _GoBack]Proposal 1: System bandwidths needs to be further discussed in RAN4.
Proposal 2: other FDD bands less than or equal to 2GHz should be considered.
Proposal 3: Ambient IoT device is equipped with 1TX and 1RX. RX diversity is FFS.
Proposal 4: SFO impact for RF requirements need to be considered.
Proposal 5: ADC bits impact for RF requirements need to be considered.
Proposal 6: one or multiple sets of requirements for devices to define needs to study.
Proposal 7: REFSENS and NF for different devices need to be studied.
Observation 2: The transmission power of device 1 is determined by CW and the distance with CW.
Proposal 8: Reflection amplification gain of device 2a and max power of device 2b need to be further discussed.
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