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1. Introduction
In this contribution, we provide our views on the RF requirement for AIoT device.
2. Discussion
2.1 General 
For the Tag, there are different device type, e.g., device1, device 2a, device 2b. The device 2b can transmit signal by itself which is similar to the NB-IoT, but the device 1/2a can only reflect the CW which is a new type UE in RAN4, so in the SI stage, we prefer focus on the requirement for such new UE.

Proposal 1: In SI, the RF requirement for device 1/2a can be prioritized.

Currently, the RF requirements for sub-6GHz are defined at antenna connector which is conducted power, but for the AIoT device, RAN4 should check whether it is still feasible to perform conducted conformance testing. For device 1/2a, the output power of Tag is based on retuning the load impedance. If the impedance of antenna mismatch with the load impedance, the Tag can reflect the power, so the antenna is a part of the procedure to show the performance of Tag. If we still use conducted testing, we are not for sure whether the testing still can get the meaningful results.  

Observation 1: The conducted conformance testing may not feasible for AIoT device.

[bookmark: _Hlk166492946]Proposal 2: RAN4 to discuss whether conducted conformance testing is still feasible for AIoT device. If not, it is suggested to define radiated requirement for device.
2.2 [bookmark: _Hlk166445208]System parameters
· Operating band
This depends on operator request, but in SI stage, maybe we can take band n8 as the example band. 
· Channel bandwidth


Similar to NR signal, the D2R can also define with channel bandwidth, transmission bandwidth configuration and guard band. Different channel bandwidth can be defined to match with different data rate.
· Minimum receiver bandwidth 
This requirement is also mentioned in [1]. In RAN1 discussion, it is also assumed the receiver bandwidth is larger than signal bandwidth since the Tag may hard to be implemented with RF filter and it is hard to provide enough interference supersession, so in RAN4, it is better to discuss whether this requirement need to be defined. 
2.3 Tx requirements
· Transmit output power
In [1], the MOP (maximum output power) is described as follow the regulation, and in [2], the MOP is defined as below:
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The lower band is the frequency range from 865 MHz to 868 MHz which is based on the 320kHz bandwidth and upper band is from 915 MHz to 921 MHz which is based on the 640kHz bandwidth. To avoid define MOP for different bandwidth, it is better to define the MOP based on PSD limit.

As for the MPR/AMPR, since the Tag mainly work by changing the load impedance to reflect the CW and the ouput power is quite low, even though the device 2a is capable to have amplifier, we think the power level of non-linear product should not be significant, so such requirement may not be needed. As for the Pcmax, since the Tag power depends on CW, so this requirement seems also useless.

· Output power dynamic

The minimum output power is related to the power control to ensure UE does not cause significant interference when UE is near the BS, but the Tag output power depends on CW so this requirement seems to be not needed. Similarly, the requirement for power control also can be skipped. As for the transmit OFF power, the NR requirement can be the starting point for Tag which is -40 dBm.

For the time mask, in[1]，3 different type of time requirements are defined which can be the starting point
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· Transmit signal quality

The frequency accuracy is defined in [1]:
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The tolerance depends on BLF and DR which is different from the traditional frequency error in RAN4. The EVM, IBE are also needed for device, but the details need more discussion.

· Output RF spectrum emissions

For the SEM and SE, the unwanted emission for RFID in [2] can be starting point.
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The definition of occupied bandwidth can be same as NR and the ACLR depends on co-existence study.
2.4 Rx requirements
For the Rx requirement, the critical issue is which metric can replace throughput for device. In co-existence discussion, BLER is an option to represent the performance of Tag, which may also can be used for Rx requirement definition. In [2], for the Reader, 50% success rate is used as metric for the sensitivity design, we prefer use same metric for the whole AIoT system.

Proposal 3: It is suggested that success rate is used as performance metric for Rx requirement definition for AIoT device.

Based on the analysis above, we have following proposal:
Proposal 4: The following table can be the starting point for AIoT device RF requirement discussion:

	RF Requirement for AIoT device

	System parameter
	Operating band
	Band n8 as example band in SI

	
	Channel bandwidth
	Transmission bandwidth configuration
	180 kHz, FFS larger bandwidth for higher data rate

	
	
	Guard band
	FFS

	
	Minimum receiver bandwidth
	RAN4 need to discuss whether this requirement is need considering the feasibility of RF filter

	Tx requirement 
	Transmit output power
	Maximum output power
	-25 dBm/100kHz for frequency <900MHz;
-18 dBm/100kHz for frequency
>900MHz;
FFS whether/how to convert radiated requirement to conducted requirement 

	
	Output power dynamic
	Transmit OFF power
	Same as NR, -40 dBm

	
	
	Transmit time mask
	FFS following requirement:
Transmit-to-Receive Turn-Around Time;
Receive-to-Transmit Turn-Around Time;
Transmit Power-On Ramp;

	
	Transmit signal quality
	Frequency error
	FFS

	
	
	EVM
	FFS, ASK/PSK are considered

	
	
	IBE
	FFS

	
	Output RF spectrum emissions
	Occupied bandwidth
	Same as NR

	
	
	SEM
	Unwanted emission in [2] as starting point

	
	
	ACLR
	Depends on co-existence study

	
	
	SE
	Unwanted emission in [2] as starting point

	Rx requirement 
	RAN4 should first discuss and decide what metric will be used to represent the Rx performance, e.g., BLER.



3. Conclusion
In this contribution, we provide our views on the RF requirement for AIoT device. 
Proposal 1: In SI, the RF requirement for device 1/2a can be prioritized.

Observation 1: The conducted conformance testing may not feasible for AIoT device.

Proposal 2: RAN4 to discuss whether conducted conformance testing is still feasible for AIoT device. If not, it is suggested to define radiated requirement for device.

Proposal 3: It is suggested that success rate is used as performance metric for Rx requirement definition for AIoT device.

Proposal 4: The following table can be the starting point for AIoT device RF requirement discussion:
	RF Requirement for AIoT device

	System parameter
	Operating band
	Band n8 as example band in SI

	
	Channel bandwidth
	Transmission bandwidth configuration
	180 kHz, FFS larger bandwidth for higher data rate

	
	
	Guard band
	FFS

	
	Minimum receiver bandwidth
	RAN4 need to discuss whether this requirement is need considering the feasibility of RF filter

	Tx requirement 
	Transmit output power
	Maximum output power
	-25 dBm/100kHz for frequency <900MHz;
-18 dBm/100kHz for frequency
>900MHz;
FFS whether/how to convert radiated requirement to conducted requirement 

	
	Output power dynamic
	Transmit OFF power
	Same as NR, -40 dBm

	
	
	Transmit time mask
	FFS following requirement:
Transmit-to-Receive Turn-Around Time;
Receive-to-Transmit Turn-Around Time;
Transmit Power-On Ramp;

	
	Transmit signal quality
	Frequency error
	FFS

	
	
	EVM
	FFS, ASK/PSK are considered

	
	
	IBE
	FFS

	
	Output RF spectrum emissions
	Occupied bandwidth
	Same as NR

	
	
	SEM
	Unwanted emission in [2] as starting point

	
	
	ACLR
	Depends on co-existence study

	
	
	SE
	Unwanted emission in [2] as starting point

	Rx requirement 
	RAN4 should first discuss and decide what metric will be used to represent the Rx performance, e.g., BLER, success rate, etc.
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4513 Limits

For the lower band the radiated power of the tag shall not exceed 20 dBm e.r.p. which is equivalent to a power
spectrum density of -25 dBny/100 kHz e.x.p.

For the upper band the radiated power of the tag shall not exceed 10 dBm e.r.p. which is equivalent to a power
spectrum density of -18 dBny/100 kHz e.xp.




image3.png
Tag:6a Transmit-to-Receive Turn-Around Time 3Tpri mum, 32Tpi maximum in reply & acknowledged states;
no limit otherwise
Tag:6b Receive-to-Transmit Turn-Around Time MAX(RTcal,10Tpri) nominal

Tag:6¢

Dwell Time or Transmit Power-On Ramp

Receive commands 1500 ps after power-up
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BLF: Link Frequency Tolerance  Frequency Tolerance

Frequency (kHz) FrT (nominal temp)  FrT (extended temp)

64/3 33.3 640 +/-15% +/-15% +/-2.5%
33.3 < TReal < 320 < BLF < +/-22% +/-22% +/-2.5%
66.7 640
66.7 320 +/-10% +/-15% +/-2.5%
66.7 < TReal < 256 < BLF < +/-12% +/-15% +/-2.5%
83.3 320
83.3 256 +/-10% +/-10% +/-2.5%
83.3 < TReal <. 160 < BLF < +/-10% +/-12% +/-2.5%
1333 256
133.3 < TReal < 107 < BLF < +/-7% +/-7% +/-2.5%
200 160
200 < TReal < 225 |95 <BLF <107 | +/- 5% +/-5% +/-2.5%

8 17.2 < TReal < 25 | 320 < BLF < +/-19% +/-19% +/-2.5%

465

25 320 +/-10% +/-15% +/-2.5%

25 < TReal < 31.25 | 256 < BLF < +/-12% +/-15% +/-2.5%
320

31.25 256 +/-10% +/-10% +/-2.5%

31.25 < TReal < 50 | 160 < BLF < +/-10% +/-10% +/-2.5%
256

50 160 +/-7% +/-7% +/-2.5%

50 < TReal < 75 107 < BLF < +/-7% +/-7% +/-2.5%
160

75 < TRcal <200 | 40 < BLF <107 | +/-4% +/-4% +/-2.5%
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NOTE 1: fcis 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 8.

Figure 6: Spectrum mask for tag for the lower band
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NOTE 1: fcis 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 9.

Figure 7: Spectrum mask for tag for the upper band
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