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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, in this contribution we list our analysis for A-IoT devices. 
2. Discussion
2.1 Device class
Currently there are three types of devices that are under study by RAN1 in study phase as below:
	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.


Based on above terminologies, three devices have different architecture with different RF requirement, e.g. backscattered power or active output power. It’s reasonable to discuss RF requirements separately for these three device types.
Proposal 1: as starting point, it’s suggested to discuss RF requirements separately for three device types. 
2.2 operation band
For band specific requirements, to reduce workload, it’s suggested to only choose one example band for further study. Band n8 the 900MHz is suggested as example band.
Proposal 2: it’s suggested to only choose band n8 as example band.
2.3 Device 1
For device 1, considering its low cost, it’s better to use RFID spec as baseline which only has output power and unwanted emission requirements. Besides, for Rx part, it’s better to add REFSENSE requirements.
Proposal 3: for device 1, taking RFID RF requirements as reference which only define output power and unwanted emission requirements. Besides, REFSENSE requirement is also needed.
2.4 Device 2a
· Bandwidth related
Following bandwidths for D2R has been defined for the purpose of the study in RAN1
	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


· For transmission bandwidth, this is related to modulation scheme and UL data rate, which is something like the scheduled frequency resources and is not specified into current UE spec. It seems we don’t need to define transmission bandwidth requirements, instead such terminology is mainly used for evaluation/analysis. 
Proposal 4: no need to define transmission bandwidth RF requirement in RAN4.
· For occupied bandwidth, this is mainly used to evaluate the guard RB. This guard RB value can be based on co-existence analysis and RAN4 needs to consider such RF requirements. There are two options for such guard RB definition
· Alt 1: explicitly defined in the spec as the guard RB
· Alt 2: implicitly defined by other equivalent RF requirement, e.g. by implicitly defining IBE with certain guard RB offset
Proposal 5: RAN4 further discuss the guard RB value range in study phase based on co-existence for in-band spectrum deployment mode of device 2a. 
According to current evaluation priority, RAN4 may only focus on in-band mode, but for guard band spectrum deployment mode, we should also check whether any guard band between edge of max transmission bandwidth of NR carrier and the edge of A-IoT transmission bandwidth is needed or not. Here the guard band is not need to be in granularity of RB, instead it could be in any granularity. Detailed illustration of guard band is listed as below
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Proposal 6: RAN4 further discuss whether any guard band is needed or not for guard-band spectrum deployment mode. Guard frequency can be in any granularity.
· For standalone spectrum deployment mode, another bandwidth related terminology is the channel bandwidth. RAN4 needs to further discuss the candidate channel bandwidth for standalone spectrum deployment mode. Based on current data rate and modulation scheme assumption, 5MHz bandwidth is enough for standalone spectrum deployment mode. For in-band and guard band spectrum deployment modes, channel bandwidth also seems necessary as common concept which may be used by reader. 
Proposal 7: RAN4 further discuss the candidate channel bandwidth for all three spectrum deployment modes. For standalone mode, it seems 5MHz bandwidth is enough based on current assumed data rate and modulation scheme. For other two spectrum deployment mode, the channel bandwidth also seems necessary as common concept which may be used by reader.
· Channel spacing/ channel raster and syn raster
There is no SSB anymore for A-IoT. So syn raster is not applicable for all three spectrum deployment mode. For guard-band mode, the channel raster and channel spacing is not applicable. For the in-band mode, the channel spacing is not applicable.
Proposal 8: syn raster is not applicable for all three spectrum deployment mode. For guard-band mode, the channel raster and channel spacing are not applicable. For in-band mode, the channel spacing is not applicable.
· Standalone: channel raster, channel spacing
· In-band: channel raster
· Guard-band: N/A
Following list RAN1 agreement as below for information
	Agreement
For D2R, study: Manchester encoding, FM0 encoding, Miller encoding, no line coding.
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: How to achieve small frequency shift in baseband and/or FDM(A) among devices
· Aspects to study include:
· Spectrum shape
· Complexity
· Power consumption
· BER, BLER
· Resilience to SFO
· If there is any relation to CFO



Following table lists our initial analysis for Tx requirements of device 2a.
	requirements
	Applicable or not

	Transmitter power
	All three kinds of device have different output power level. RAN4 further discuss how to define power class based on different device type and architecture.

	Output power dynamic
	Not applicable

	Power control
	Not applicable

	Transmit signal quality
	Frequency error: wait for modulation scheme conclusion
EVM: wait for modulation scheme conclusion
Carrier leakage: may be needed based on the design of small frequency shift in baseband   
In-band emission: needed.

	RF spectrum emissions
	Out of band emission: at least for standalone, it’s needed. For in-band and guard-band spectrum deployment mode, FFS how to define such requirements. 
Spurious emission requirement: needed to meet regulatory requirement. if large frequency shifter is considered for device 2a, RAN4 should further check the spurious emission at specific frequency where harmonic occurs.



Proposal 9: at least for transmit signal quality related requirement, RAN4 should wait for RAN1 conclusion of How to achieve small frequency shift in baseband and/or FDM(A) among devices.

Proposal 10: if RAN4 only simulate in-band spectrum mode, RAN4 further discuss whether/how to define out of band emission requirement. 
Proposal 11: if large shifter has been studied, further check the spurious emission at specific frequency where harmonic occurs.
Following table list our initial analysis for Tx requirements.
	requirements
	Applicable or not

	REFSENSE
	Necessary and needs to be separately defined for different devices types. 

	Max input level
	Necessary and may needs to be separately defined for different devices types. 

	ACS
	at least for standalone, it’s needed. For in-band and guard-band spectrum deployment mode, FFS.

	blocking
	In-band blocking: necessary
Out of band blocking: Further discuss the out of band blocking performance based on RF architecture discussion

	Spurious response
	The same analysis as out of band blocking

	Spurious emission
	Spurious emission: to meet regulatory requirement 


Based on above analysis, we have following proposals.
Proposal 12: REFSENSE and max input level needs to be separately defined for different devices types. 
Proposal 13: at least for standalone, ACS is needed. Further discuss for in-band and guard-band spectrum deployment mode.
Proposal 14: RAN4 needs to further discuss the out of band blocking performance based on RF architecture discussion.
2.5 Device 2b
For device 2b, it’s suggested to use UE RF framework as baseline and further discuss whether certain relaxation is needed or not.
Proposal 15: For device 2b, it’s suggested to use UE RF framework as baseline and further discuss whether certain relaxation is needed or not.
3. Conclusions
In this contribution, RF requirements for devices are discussed with following observations and proposals.
Proposal 1: as starting point, it’s suggested to discuss RF requirements separately for three device types.
Proposal 2: it’s suggested to only choose band n8 as example band.
Proposal 3: for device 1, taking RFID RF requirements as reference which only define output power and unwanted emission requirements. Besides, REFSENSE requirement is also needed.
Proposal 4: no need to define transmission bandwidth RF requirement in RAN4.
Proposal 5: RAN4 further discuss the guard RB value range in study phase based on co-existence for in-band spectrum deployment mode of device 2a. 
Proposal 6: RAN4 further discuss whether any guard band is needed or not for guard-band spectrum deployment mode. Guard frequency can be in any granularity.
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Proposal 7: RAN4 further discuss the candidate channel bandwidth for all three spectrum deployment modes. For standalone mode, it seems 5MHz bandwidth is enough based on current assumed data rate and modulation scheme. For other two spectrum deployment mode, the channel bandwidth also seems necessary as common concept which may be used by reader.
Proposal 8: syn raster is not applicable for all three spectrum deployment mode. For guard-band mode, the channel raster and channel spacing are not applicable. For in-band mode, the channel spacing is not applicable.
· Standalone: channel raster, channel spacing
· In-band: channel raster
· Guard-band: N/A
Proposal 9: at least for transmit signal quality related requirement, RAN4 should wait for RAN1 conclusion of How to achieve small frequency shift in baseband and/or FDM(A) among devices.

Proposal 10: if RAN4 only simulate in-band spectrum mode, RAN4 further discuss whether/how to define out of band emission requirement. 
Proposal 11: if large shifter has been studied, further check the spurious emission at specific frequency where harmonic occurs.
Proposal 12: REFSENSE and max input level needs to be separately defined for different devices types. 
Proposal 13: at least for standalone, ACS is needed. Further discuss for in-band and guard-band spectrum deployment mode.
Proposal 14: RAN4 needs to further discuss the out of band blocking performance based on RF architecture discussion.
Proposal 15: For device 2b, it’s suggested to use UE RF framework as baseline and further discuss whether certain relaxation is needed or not.
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