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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
Bandwidth
According to RAN1 chair notes [2], there are some agreements about bandwidth for R2D and D2R 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
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


[image: ]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.








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.
Proposal 1: System bandwidths for R2D and D2R need to be further discussed in RAN4.
Transmission power of CW and R2D
According to the definition with device type, device 1 has no R2D and D2R amplifier, transmission power is up to CW power and the distance with CW. Device 2a has R2D and D2R amplifier. The UL transmission is backscattered on a carrier wave provided externally. It means that the transmission power of device 1 and device 2a is related to transmission power of CW. In addition, CW and R2D signal are the sources of RF energy for device. Thus, the transmission power of CW2D and R2D need to meet the energy threshold. Based on the above analysis, max power of CW and R2D needs further study.
Proposal 2: max power of CW2D and R2D need to be further studied.
Interference cancellation ability
For Deployment scenario 2 with topology 2, the following scenarios are used for evaluation of coverage and coexistence.
[image: ]  [image: ][image: ]
From the perspective of D2R for reader, it will suffer from self-interference generated by CW2D, R2D and co-frequency interference caused by other devices with FDM. As we all know, the ability of interference cancellation is critical to sensitivity and coverage. Interference suppression technology is mainly divided into three aspects, self-interference suppression in spatial domain, analog domain and digital domain respectively. Self-interference suppression in spatial domain refers to improving the isolation of transmitter and receiver channels and suppressing self-interference signals by antenna arrangement. The main methods include separation of transmission and reception, electromagnetic wave isolation and antenna pattern diversity. For example, the above D2T2-A1 is the interference suppression in the spatial domain. Analog domain self-interference suppression is to use the transmitter baseband or RF self-interference signal as a reference source to generate a copy of the analog self-interference signal at the RF front end of the receiver and cancel it. Self-interference suppression in digital domain is to estimate and suppress the multipath channel and nonlinear characteristics of self-interference signal in digital domain of receiver by using digital self-interference signal as reference source. Self-interference suppression depends on implementation, but the degradation of sensitivity needs further discussion.
Proposal 3: interference cancellation ability and Maximum Sensitivity Degradation (MSD) need to be further studied.
Power boosting
Based on the DL co-existence simulation results, in order to coexist with NR under the spectrum deployment of in-band NR, power boosting for A-IoT system could improve the interference caused by NR UE. In addition, in section 6.3.4 TS 38.104 Table 6.3.4.2-1, NB-IoT power boosting is described as following. Similarly, like the NB-IoT base station, the intermediate UE can apply power boosting by the macro base station to improve the coverage and interference caused by NR UE.
Table 6.3.4.2-1: NB-IoT RB power dynamic range for NB-IoT operation in NR in-band
	BS channel bandwidth (MHz)
	NB-IoT RB frequency position
	NB-IoT RB power dynamic range (dB)

	5, 10
	Any
	+6

	15
	Within center 77*180kHz+15kHz at each edge
	+6

	
	Other
	+3

	20
	Within center 102*180kHz+15kHz at each edge
	+6

	
	Other
	+3

	25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100
	Within center 90% of BS channel bandwidth
	+6

	
	Other
	+3



Proposal 4: Power boosting for intermediate node (UE) by macro BS needs to be further studied.
[bookmark: _GoBack]Conclusions
In this paper, we provide our views on RF requirements impact of intermediate node (UE), we have made the following proposals. 
Proposal 1: System bandwidths for R2D and D2R need to be further discussed in RAN4.
Proposal 2: the transmission power of CW and R2D needs to be further studied.
Proposal 3: interference cancellation ability and Maximum Sensitivity Degradation (MSD) need to be further studied.
Proposal 4: Power boosting for intermediate node (UE) by macro BS needs to be further studied.
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