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1.	Introduction
Ambient IoT SID [1] initiates a discussion on new type of system. The SID guides RAN4 to study necessary and feasible solutions:
· 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

A-IoT introduces multiple system components in RAN. Namely, there is device that provides the Forward Link (FL) signal to the tag and tag responds the Backward Link (BL). The receiver for the BL may also be different than the component sending FL. FL is sometimes referred to as R2D (reader to device) and BL as D2R transmissions. There is also the tag or A-IoT device, which is the end point of the RAN in this scope. This paper discusses RF requirements for the tag and what are their impacts on the other components.  
2. 	Discussion
2.1	Spectral masks
One essential requirement area in RAN4 domain is the spectral confinement of the transmitted signal. RAN4 defines  Occopid bandwidth, ACLR, SEM and Spurious emissions for this purpose. For A-IoT device, RAN4 discuss what kind of spectral confinement requirements could be defined for A-IoT device. 
Proposal 1: RAN4 to study what kind of spectral confinement requirements could be placed for A-IoT device. 
The RFID harmonised standard [5] defines a spectral mask for the RFID devices. The masks is copy pasted in Figure 1. 3GPP intention is to enable more than one “channel” i.e. more than one offset from the CW where the BL transmission would be placed. 

Figure 1. RFID ETSI harmonised standard spectral mask for RFID device
This mask then will also need a reference plane and it may not be accurate to measure absolute dBm values from device internal conducted interface without a standardized impedance.
It should also be noted that that the same harmonised standard defines the mask for the reader for the FL.
One component of the study and discussion of spectral confinement is the definition of equivalent RF channel and RF channel bandwidth. A-IoT device is planned to operate in a channel bandwidth of a licensed spectrum but there maybe multiple A-IoT devices transmitting in that channel bandwidth with different frequency offsets from the CW. There could be also multiple CWs in that one system bandwidth. This raises the question what to call the part of spectrum occupied by the A-IoT backscattering signal. 
Observation 1: Applicable terminology for the A-IoT backscattering device transmission should be unified in RAN4 discussions 
RAN1 has made agreements related this: 
	Agreement
The following bandwidths for D2R are defined for the purpose of the study:
· Transmission bandwidth, Btx,D2R: The frequency resources scheduled by a reader for a D2R transmission from one device.
· FFS in agenda 9.4.2.3: how frequency resources scheduled by a reader are determined
· Occupied bandwidth, Bocc,D2R: The transmission bandwidth plus the potential associated intra A-IoT guard-bands totalling Bguard,D2R
· Note: this guard band is not for coexistence with NR/LTE
· If/how to define guard band for coexistence between A-IoT D2R and NR/LTE is up to RAN4.
· Bocc,D2R >= Btx,D2R
· Possible values of each bandwidth are FFS



From those agreement, we can read that the two Transmission bandwidth, Btx,D2R  and Occupied bandwidth, Bocc,D2R should be used also in RAN4 discussion.
Observation 2: RAN4 can use the boundary of Occupied bandwidth, Bocc,D2R as a starting point for the study for requirements for spectral confinement of A-IoT device transmissions
2.2 	Spectral shape of the D2R signal
RAN1 has not decided on the bandwidth of the signal or the modulation. RAN4 could study the characteristics of typical backscattering transmitters and whether if linearity and therefore near frequency spectral purity is better between device 1, 2a and 2b. Since modulation is not decided yet, the signal characteristics are not known but RAN4 could begin with discussions on characteristics of key components such as the reflection switches, as described in the Figure 3. 
Proposal 2: RAN4 should study realistic implementations and impact of their components to the spectral purity of the signal
RAN1 will discuss the modulation and other aspects related to signal formation but they will not analyse the analogue world characteristics and impairments coming from realistic implementation when for example an RF resonance circuitry rounds the square wave and how will that impact the spectral shape of the signal. Also, perfect square wave does not generate even harmonics and RAN1 may assume this in their design but RAN4 should carefully analyse the possible reference implementation if even harmonics are generated after all. 
Observation 3: RAN1 may not study impact of realistic design and its impairments to signal characteristics
It should be noted that since the A-IoT device is assumed to be simple and low cost, the impact of non-idealities in real design may be relatively speaking larger than in smartphone side  
2.3	FDM A-IoT for same CW
As mentioned in the previous section, FDM of different A-IOT devices for same reader is being considered. The spectral confinement discussion is beneficial for RAN4 to understand how close to each other the two A-IoT devices can be put in. In Figure 2 this distance is labelled as “x”. 

   Figure 2. Terminology from RAN1 and illustration of FDM two A-IOT transmissions from CW with two different offsets from CW
Figure 2 also shows that for FDM, the two A-IoT transmissions for same reader are anchored to the same CW. The frequency domain position therefore needs to be defined in relative to the CW. It is our understanding that the Bguard,D2R is generic to all transmissions, for example from CW to first Btx,D2R but the “x” maybe defined  by other aspects. One possibility is to use harmonic relations of the A-IoT device BB clock to define the two relative locations. 
Observation 4: For FDM operation for same reader with single CW, the frequency domain positions for the two transmission from two different A-IoT device need to be defined in relation to the same CW.
2.4	Tag reference plane
In section 2.4 of [2] describes TX modulator and it gives some indication how backscattering works, see Figure 5 of [2], and it is replicated as Figure 3 below. Apart from device 2b, which is assumed to have its own reference clock, device 1 and device 2a architecture is such that they modulate the impedance seem by the antenna. The impedance is either matched to antenna or then it is such that makes the antenna reflect the incoming wave back. The pace of the impedance changes are used to create the modulated BL waveform. It can be assumed that the connection point between the impedance modulator and antenna is not 50 ohm reference but can be assume to be implementation specific.  

Figure 3 (Figure 5 from [2]) Example TX architctures. They are originally from [4]
This then raises the question how to test a back scattering device. 
Proposal 3: RAN4 to study how to test a backscattering device, considering OTA methods and feasibility for conducted testing
It could be in theory possible to test the tag in conducted domain and observe the impedance changes but is that correct way to define for example spectral purity or output power or sensitivity is not obvious.
Reference [3] provides also MS Excel SS with calculations for link budget. There are allocations for all essential components but this paper and RAN1 in general do not take position what should be the reference plan for example for energy harvester or FL sensitivity for the tag.   

Conclusion
We discussed frequency spectrum aspect and component impact to A-IoT signals and reference plane aspects for the backscatter devices and made the following observations and proposals:
Proposal 1: RAN4 to study what kind of spectral confinement requirements could be placed for A-IoT device. 
Observation 1: Applicable terminology for the A-IoT backscattering device transmission should be unified in RAN4 discussions 
Observation 2: RAN4 can use the boundary of Occupied bandwidth, Bocc,D2R as a starting point for the study for requirements for spectral confinement of A-IoT device transmissions
Proposal 2: RAN4 should study realistic implementations and impact of their components to the spectral purity of the signal
Observation 3: RAN1 may not study impact of realistic design and its impairments to signal characteristics
Observation 4: For FDM operation for same reader with single CW, the frequency domain positions for the two transmission from two different A-IoT device need to be defined in relation to the same CW.
Proposal 3: RAN4 to study how to test a backscattering device, considering OTA methods and feasibility for conducted testing
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NOTE 1: fc is the centre frequency of the carrier transmitted by the interrogator.
NOTE 2: The transmit channel occupied by the interrogator is shown in grey.
NOTE 3: All power levels in the unwanted domain relate to the resolution bandwidths in figure 10.




