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Introduction
In the RAN#102 meeting, Study on solutions for Ambient IoT (Internet of Things) in NR has been approved and it’s expected to start the normative work from this April meeting. In this contribution, we would to share some initial views on the RF requirement for Ambient IoT device.
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2.1. General aspects for Ambient IoT device
A-IoT device is supposed to decode the inventory command either fromA-IoT BS from topology 1 or intermediate UE in the topology 2 and also backscatter the signal with the stimulus signal as CW signals for Device 1 and 2a. In addition, according to the latest RAN1 agreement, there would be three types of A-IoT devices with different capabilities and also some different RF architecture assumptions. 
	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.
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Based on the above considerations, we make the following proposals:
Proposal 1: specify different sets of RF requirement for Ambient IoT Device 1, Device 2a and Device 2b; 
Proposal 2: specify the RF requirement (e.g. Tx and Rx, ACS, ASCS etc requirements) for A-IoT device;
Proposal 3: treat the reception of CW signals as part of Rx requirements for Ambient IoT Device 1, Device 2a.

2.2. RF requirement for Ambient IoT device
In the following section, we would like to share some initial understandings on the RF requirements for A-IoT device.
Table 1. The initial analysis for RF requirement of A-IoT device
	Tx part

	Maximum output power/Output to input power gain within A-IoT carrier
	For Device 1 and 2a, from our understanding, it is highly dependent on maximum input power of CW signal and its backscattering gain according to its input CW signal e.g. 9dBi, 12dBi or 15dBi etc.
For Device 2b, since it is capable of transmitting signal without any backscattering, then maximum output power should be specified agnostic with the input CW power. 

	Output dynamics 
	Minimum output power
This requirement might be still needed. e.g. with -45dBm as lowest input power and 9/12/15dBi backscattering gain for Device 1 and 2a.
For minimum output power for Device 2b, this need more discussions. 
ON-OFF power and time mask
This might need more discussions since A-IoT device or cheap tag might don’t have capability to switch ON-OFF by itself at least for Device 1 and 2a. 
Power control requirement
For Device 1 and 2a, power control requirement might be not needed similar as repeater-Fwd link requirement. 
For Device 2b, this needs further discussions and might be also not needed since the legacy requirement is defined for open-loop PRACH transmission and close loop PUSCH/PUCCH transmission based on DL RSRP measurement during the connected mode.

	Transmit frequency error requirement
	This could be further discussed based on the some practical measurement results for it.

	EVM requirement
	EVM requirement for backscattering signal is needed with CW signal as input. 

	OBW
	The legacy OBW requirement could be used as starting point. 

	ACLR
	This depends on further coexistence study. 

	SEM
	This depends on the outcome of coexistence study and regulatory requirement as part of input. 

	Transmitter spurious emission requirement
	The legacy transmitter spurious emission requirement could be used as starting point. 

	Transmitter intermodulation requirements
	Based on some operator’s initial feedback on 900MHz indoor deployment, it seems that general Tx intermodulation requirement for A-IoT UE operating at 900MHz is not needed. FFS for other frequency e.g. 2GHz.

	Rx part

	REFSENS
	The REFSENS requirement might be not based on the throughput metric and it should be dependent on the miss detection ratio and false alarm detection ratio instead if without any HARQ-ACK feedback. e.g. -45dBm.

	Maximum input power
	At least the following two aspects need to be considered:
1) Maximum input power for CW signal with measurement metric as backscattering output power; 
2) Maximum input power for R2D signal reception e.g. with OOK modulation with measurement metric as miss detection ration and false alarm detection ratio;  

	ACS and ACSC
	First of all, this depends on further coexistence study. In addition, based on the illustrated diagrams for Device 1 and 2a, the BB LPF is needed, then some ACS and ACSC requirement is also supposed to be essential to verify its RF performance. 

	Blocking requirement
	This depends on further coexistence study. 

	OOBB
	Don’t see the reason not to reuse the -15dBm CW signal as interference signal of OOBB requirement since the A-IoT device is also supposed to be nearby with other normal UEs operating in other frequency ranges. In addition, as shown in illustration diagrams for Device 1 and 2a, the RF BPF is also needed, then the OOBB requirement is also supposed to be essential to verify its RF performance. 

	RX IMD
	The analysis is somehow similar as Tx intermodulation requirement. 

	Rx spurious emission
	The legacy receiver spurious emission requirement might be needed for R2D reception and backscattering signal transmission with CW signal as input at antenna connector.  

	Rx spurious response requirement
	This might be needed for R2D reception only. For backscattering transmission requirement, receiver spurious response requirement is not relevant anymore. 



Conclusions
In this contribution, we shared some initial views on the RF requirement for Ambient IoT device and proposals are made as following: 
Proposal 1: specify different sets of RF requirement for Ambient IoT Device 1, Device 2a and Device 2b; 
Proposal 2: specify the RF requirement (e.g. Tx and Rx, ACS, ASCS etc requirements) for A-IoT device;
Proposal 3: treat the reception of CW signals as part of Rx requirements for Ambient IoT Device 1, Device 2a.
Proposal 4: please find the initial analysis for RF requirement of Ambient IoT device in Table 1.
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Device 22 with R5-£0 receiver





