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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. During the last RAN4#110bis meeting, due to the TU limitation, RF requirement impacts for Ambient IoT BS was not discussed yet, in this contribution, we would like to share some initial consideration on this issue.
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2.1 General aspects for A-IoT BS in D1T1
A-IoT BS is supposed to transmit the R2D inventory command to A-IoT device in topology 1 and also decode the backscattering signal reflected back from A-IoT device as shown in Figure 1 and Figure 2. 
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Figure 1.  R2D, CW/D2R transmitter in either DL or UL spectrum
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Figure 2. R2D is transmitted in DL spectrum and CW/R2D is transmitted in UL spectrum
From standalone operation perspective with individual RF hardware for A-IoT BS, from the transmission perspective, at least the RF requirement for R2D transmission should be specified and FFS for RF requirement of CW signal transmission since the CW signal waveform might be out of 3GPP scope. 
Proposal 1: for D1T1 deployment scenario, at least the transmitter RF requirement for R2D transmission should be specified and FFS for RF requirement of CW signal transmission since the CW signal waveform might be out of 3GPP scope.
In addition, from the reception perspective, for D1T1-A1 and D1T1-B, the capability of CW signal rejections from 
aggressor BS should be considered. During receiver requirement definition, the CW interfering signal should be specified accordingly. 
For D1T1-A2, the capability of CW signal rejection from its own transmitter should be considered which is somehow similar as SBFD internal Tx-Rx rejection. 
Proposal 2: for D1T1 deployment scenario, detection performance for backscattering signal e.g. OOK signal should be specified and the capability of rejecting CW signals from its own transmitter or other aggressor BS’s transmitter should be considered as well. 
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Figure 3. the illustration of D1T1-A1/A2 and B
For in-band/guard band operation for A-IoT system, this needs more discussions in the SI phase. For the legacy LTE in-band/guard band NB-IoT operation in Rel-14 or the legacy NR in-band NB-IoT operation in Rel-16, the out of band emission requirements of transmitter, (e.g. ACLR, UEM, transmitter spurious emission, Tx intermodulation requirement) are still kept the same as legacy RF requirements. It’s also the same story for receiver RF requirements e.g. the ACS/IBB, OOBB, NBB Rx IMD or general Rx IMD requirement are still kept the same. However for in-band/guard band A-IoT BS might be equipped with individual RF hardware in addition to the RF hardware for eMBB service due to the potential high power boosting requirements etc. 
Proposal 3: further discuss the applicability of the existing RF requirement for in-band /guard band A-IoT BS with the shared RF hardware (e.g. option 2-1 in D1T1 deployment scenario) and potential new RF requirements for A-IoT BS e.g. power boosting, EVM requirements for OOK signal etc. 

2.2 RF architecture and corresponding RF requirement impacts for A-IoT BS
In the following section, we would like to share some initial understanding on the potential RF architecture for A-IoT BS with individual RF hardware assumption in D1T1-A1/A2 and D1T1-B. Regarding the self interference method from CW towards backscattering signal reception, it is not limited to antenna isolation, other RFIC approach or digital IC approach is also not precluded.   
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Figure 4. potential RF architecture of D1T1-A1
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Figure 5. potential RF architecture of D1T1-A2 and A1
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Figure 6. potential RF architecture of D1T1-B

Table 1. The initial analysis for RF requirement of A-IoT BS in D1T1.
	Tx part

	Base station output power 
	To follow the FR1 MR and LA BS output power limitation and power accuracy requirement; 

	Output power dynamics
	Some power boosting for OOK signal might be needed for in-band/guard band operation of A-IoT service if A-IoT BS share the same hardware with eMBB PRBs;  

	Transmit ON/OFF power
	The transmit ON-OFF power is only limited for TDD bands, however A-IoT BS might need to send the R2D signal and CW signal in the sequential way, then some transition period might be needed for the switch between R2D signal transmission and CW transmission in D1T1-A1 and D1T1-A2.

	Transmitted signal quality
	The legacy transmit frequency error requirement could be reused for A-IoT BS. 
EVM for OOK signal should be defined accordingly.
TAE requirement is not needed for R2D signal transmission or CW signal transmission.   

	OBW
	The legacy OBW requirement could be reused for A-IoT BS; 

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

	ACLR
	This depends on further coexistence study. 

	Operating band unwanted emissions	
	This depends on outcome of coexistence evaluation 

	Transmitter spurious emissions
	The legacy transmitter spurious emission requirement could be reused since this is coming from the ITU regulatory definition. 

	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. 
In addition, the impacts on CW signal transmission should be also taken into account especially for D1T1-A2.  

	Dynamic range requirement
	Similar analysis for REFSENS requirement. IoT level could be further discussed in the WI phase. 

	ACS, 
	This depends on further coexistence study. 

	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. For f_OOBB requirement, this could be further discussed once we have more clear assumption on A-IoT BS. 

	RX IMD
	This is somehow similar as Tx intermodulation requirement. 

	Rx spurious emission
	The legacy receiver spurious emission requirement could be applicable. 

	ICS
	We don’t see the necessity to have this requirement for standalone A-IoT BS or in-band/guard band operation with the individual RF hardware similar as standalone NB-IoT ICS requirement. 



Conclusions
In this contribution, we shared some initial views on the RF requirement for A-IoT BS in D1T1 and proposals are made as following: 
Proposal 1: for D1T1 deployment scenario, at least the transmitter RF requirement for R2D transmission should be specified and FFS for RF requirement of CW signal transmission since the CW signal waveform might be out of 3GPP scope.
Proposal 2: for D1T1 deployment scenario, detection performance for backscattering signal e.g. OOK signal should be specified and the capability of rejecting CW signals from its own transmitter or other aggressor BS’s transmitter should be considered as well. 
Proposal 3: further discuss the applicability of the existing RF requirement for in-band /guard band A-IoT BS with the shared RF hardware (e.g. option 2-1 in D1T1 deployment scenario) and potential new RF requirements for A-IoT BS e.g. power boosting, EVM requirements for OOK signal etc. 
Proposal 4: please check the initial analysis for RF requirement of A-IoT BS in D1T1 in table 1. 
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