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1. Introduction
In RAN plenary #102 meeting, a new SID[1] of A-IoT is approved with following RAN4 lead RF part objectives:
· 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
This is the first meeting of RF requirements discussion, following we list our analysis for A-IoT reader and CW nodes for topology 1. 
2. Discussion
2.1 RF energy harvesting
In last meeting, some companies show the proposal that energy harvesting may have impact for RAN4, e.g. EH sensitivity can be studied in work item phase. According to the following RAN plenary agreement in RAN#103 below, the EH is out of SI scope
	Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19


It is suggested to make confirm that RF energy sources or energy harvesting of the tag are not in scope of the study.  
Observation 1: RF energy sources or energy harvesting of the tag are not in scope of the study.
2.2 A-IoT reader for topology 1
· Operation mode
In last meeting, during the discussion of evaluation, it is approved to prioritize the spectrum deployment mode that A-IoT is located within a NR transmission bandwidth configuration and the A-IoT operating indoors shares in-band spectrum with outdoor macro BS. But there is no conclusion of whether A-IoT gNB could share the same hardware as legacy gNB. When they share the same hardware, cost of A-IoT could be reduced especially for the co-location case but the power boosting level is limited. When they don’t share the same hardware, i.e. the standalone mode as defined for NB-IoT the A-IoT gNB could transmit with higher PSD to reduce interference impact at device receiver side.
RAN4 further discuss whether Reader of topology 1 and existing gNB could share the same hardware or not. 
· Option 1: A-IoT reader for topology 1 could share the same hardware with existing gNB
· Option 2: A-IoT reader for topology 1 doesn’t share the same hardware with existing gNB
It’s immature to preclude above option 1 at current stage. One way is to wait for power boosting level analysis and if the power boosting level is challenging for all readers, then maybe we could preclude option 1. at current stage, we should analyze RF requirements based on both option 1 and option 2.
Proposal 1: it’s suggested to study following two operation modes for in-band spectrum deployment mode at current stage and wait for power boosting requirements discussion to further check whether only option 2 is allowed or not. 
· Option 1: A-IoT reader for topology 1 could share the same hardware with existing gNB
· Option 2: A-IoT reader for topology 1 doesn’t share the same hardware with existing gNB
· Power boosting level for in-band spectrum mode
Higher PSD of A-IoT reader will lead to better performance at device receiver side, especially for device 1 and 2a. But this will lead to higher interference to legacy UE receiver from co-existence point of view if assume R2D using DL spectrum. Careful evaluation is required for this power boosting requirements. 
· LLS would help to evaluate required power boosting level under which condition the BLER could meet target value, e.g. 1% or 10% at device side. In last meeting, there is no conclusion of whether this should be performed in RAN1 or RAN4, it's OK to be performed in RAN4. 
· On the other side, during the co-existence evaluation, we should take care of the PSD assumption for A-IoT reader and co-located legacy gNB, i.e. the power boosting level between A-IoT reader and co-located legacy gNB should be considered in co-existence analysis.  
Proposal 2: LLS is required to evaluate required power boosting level for reader of topology 1. 
· Guard RB for in-band
For in-band spectrum mode, based on the conclusion of LP-WUS SI, certain guard RB is necessary at device side. This logic still applies for A-IoT device Tx but not applies for A-IoT device Rx. One issue is whether we should define guard RB requirement at reader side or leave this for implementation. gNB like reader will have better sub-band interference suppression capability compared with device. If there is already guard RB at device side Tx side, it seems no need to define guard RB requirements in reader spec and reader remember the guard RB and not use them when transmit CW, i.e. reserve guard RB for device transmitting. 
Observation 2: if we define guard RB at device side for in-band mode, then it seems there is no need to define guard RB requirements at reader side. 
As discussed during co-existence, IBE and ICS requirements are needed for A-Iot reader.
Proposal 3: IBE and ICS requirements are needed for A-Iot reader and detailed value could be based on co-existence analysis.
· reader class
There are three kinds of BS classes in current spec
· WA with no max output power limit and requirements are derived from macro cell with minimum distance/MCL requirements
· MR with max output power limit, e.g. 38dBm for 1-C type and requirements are derived from micro cell with minimum distance/MCL requirements
· LA with max output power limit, e.g. 24dBm for 1-C type and requirements are derived from pico cell with minimum distance/MCL requirements. Although there is no explicit description for the pico cell, but LA is deployed indoors.
For co-existence analysis, we only simulate the scenario when reader is deployed indoor and there is no analysis of outdoor case. Further discuss whether reader could support other cell type besides micro cell.
Proposal 4: further discuss whether reader could support other cell type besides micro cell.
· Self-interference issue
Whether the CW uses DL or UL spectrum, self-interference occurs from CW to reader receiver. For the CW inside topology, we can use REFSENSE to reflect residual self-interference. Usually we assume 1dB REFSENSE desense for SBFD, but for A-IoT, the interference is the CW signal with single tone or multi-tone. the interference bandwidth is very narrow and this will lead following issue. 
· how to evaluate the REFSENSE desense especially when the interference bandwidth is such narrow, i.e. whether 1dB desense is still applicable or not
Observation 3: due to very narrow bandwidth of CW interference signal, RAN4 needs to further discuss whether 1dB desense self-interference cancellation target is still applicable or not.
When CW is outside the topology, additional spatial isolation will contribute to even less self-interference and the final residual self-interference may be negligible. But as analyzed, final residual self-interference is related to spatial isolation between CW and reader, RAN4 may needs some typical assumption before conclude whether to/how to reflect self-interference for outside topology scenario.
Observation 4: for CW outside topology, RAN4 needs some typical spatial isolation assumption before conclude whether to/ how to reflect self-interference by RF requirements.
· IMD product for multiple-tone CW when define Rx requirements for reader
The same logic as discussed in BS reader RF requirement also applies for UE reader, UE reader should also consider the IMD product produced at device side for multiple single tone case. This seems like equivalent MSD requirement. We may need to define some additional REFSENSE desense requirement to reflect such IMD product. Anyway, it’s better to wait for RAN1 conclusion at first.
Observation 5: IMD product of multi-tone CW is much hard to be suppressed and filter solution may not work considering there is frequency overlapping between IMD products and wanted data. 
Proposal 5: RAN4 should wait for RAN1 CW signal design conclusion and then decide whether/how to consider the IMD product of multiple-tone CW when defining Rx requirements for reader.
2.3 A-IoT CW nodes of outside topology
For the A-IoT CW nodes, only Tx requirement are needed. Different from legacy UE waveform, CW is single tone or multiple tone cases. So for CW node, we mainly need to consider the unwanted emission related requirements. system parameters and signal quality related requirements are not needed.
	requirement
	Applicable or not

	Operation bands
	Single FDD DL or UL bands

	Channel bandwidth related requirements
	Not applicable

	Channel arrangement related
	Not applicable

	Transmitter power
	Applicable. Further check the power limit
MPR/A-MPR not applicable
Configured output power, not applicable

	Output power dynamic range
	Minimum output power: not applicable
ON/OFF time mask: may not applicable
Power control: not applicable

	Transmit signal quality
	Frequency error: not applicable
Transmit modulation quality: not applicable

	RF spectrum emission
	Occupied bandwidth: not applicable
Out of band emission: not applicable if we assume CW nodes have almost perfect out of band emission?
Spurious emission: current may still applicable to meet regulatory requirement
Transmit inter-modulation: applies at least for inside topology case



If RAN4 define RF requirements for CW outside topology, it seems the RF framework for topology 1 and topology 2 is the same, i.e. only considering max output power and spurious emission requirements.
Proposal 6: for CW outside of topology, it seems only max output power and spurious emission requirement is applicable. The same RF framework applies for both topology 1 and topology 2.
3. Conclusions
In this contribution, RF requirements for gNB like reader are discussed with following observations and proposals.
Observation 1: RF energy sources or energy harvesting of the tag are not in scope of the study.

Proposal 1: it’s suggested to study following two operation modes for in-band spectrum deployment mode at current stage and wait for power boosting requirements discussion to further check whether only option 2 is allowed or not. 
· Option 1: A-IoT reader for topology 1 could share the same hardware with existing gNB
· Option 2: A-IoT reader for topology 1 doesn’t share the same hardware with existing gNB
Proposal 2: LLS is required to evaluate required power boosting level for reader of topology 1. 
Observation 2: if we define guard RB at device side for in-band mode, then it seems there is no need to define guard RB requirements at reader side. 
Proposal 3: IBE and ICS requirements are needed for A-Iot reader and detailed value could be based on co-existence analysis.
Proposal 4: further discuss whether reader could support other cell type besides micro cell.
Observation 3: due to very narrow bandwidth of CW interference signal, RAN4 needs to further discuss whether 1dB desense self-interference cancellation target is still applicable or not.
Observation 4: for CW outside topology, RAN4 needs some typical spatial isolation assumption before conclude whether to/ how to reflect self-interference by RF requirements.
Observation 5: IMD product of multi-tone CW is much hard to be suppressed and filter solution may not work considering there is frequency overlapping between IMD products and wanted data. 
Proposal 5: RAN4 should wait for RAN1 CW signal design conclusion and then decide whether/how to consider the IMD product of multiple-tone CW when defining Rx requirements for reader.
Proposal 6: for CW outside of topology, it seems only max output power and spurious emission requirement is applicable. The same RF framework applies for both topology 1 and topology 2.
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