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1 Introduction
[bookmark: _Hlk156928211]The new SID on solutions for Ambient IoT was approved at the RAN#102 meeting [1] and later revised [2] at the RAN#103 meeting. The RAN4-led objectives are copied as below:
· RAN4-led:
· Coexistence study of Ambient IoT and NR/LTE.
· RF requirements study for Ambient IoT:
· [bookmark: OLE_LINK31][bookmark: OLE_LINK32]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
[bookmark: OLE_LINK110][bookmark: OLE_LINK111]In this contribution, we provide some initial discussion on Ambient IOT BS RF requirements.
2 Discussion
[bookmark: _Hlk165966622][bookmark: OLE_LINK13][bookmark: OLE_LINK86][bookmark: OLE_LINK87]2.1 Regulatory aspects
According to the SID, the new IOT technology is using existing FR1 licensed spectrum in FDD. Except some new potential requirements for the Ambient IOT, the existing regulatory for the spectrum also shall be met. 
For the FDD band, the regulatory requirements/conditions are defined for regional and national frequency band auctions, including frequency arrangement and associated RF requirements. Frequency arrangement from EC decision on the harmonisation of the 900 MHz and 1800 MHz frequency bands for terrestrial systems is shown as below as an example. 
2. Frequency arrangement
Within the 900 MHz band, the frequency arrangement shall be as follows:
[bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK85](1)The duplex mode of operation is Frequency Division Duplex (FDD). The duplex spacing shall be 45 MHz, with terminal station transmission (“900 MHz FDD uplink”) located in the lower part of the band starting at 880 MHz and finishing at 915 MHz (“900 MHz lower band”) and base station transmission (“900 MHz FDD downlink”) located in the upper part of the band starting at 925 MHz and finishing at 960 MHz (“900 MHz upper band”).
(2)The assigned block size shall generally provide the opportunity to access at least 5 MHz of contiguous spectrum. If smaller block sizes are assigned, they shall be in multiples of 200 kHz.
(3)The 900 MHz lower band, or portions thereof, can be used for uplink-only operation(3)without paired spectrum within the 900 MHz upper band.
(4)The 900 MHz upper band, or portions thereof, can be used for downlink-only operation(4)without paired spectrum within the 900 MHz lower band.
(5)Base station and terminal station transmission shall comply with the technical conditions specified in Sections 4, 5 and 6, respectively.

It can be found that the EC decision defines that terminal station transmission in the FDD uplink, and base station transmission in FDD downlink. We also checked regulatory requirements for other regions and countries and come to the same conclusion. Correspondingly the DL/UL operating band are defined for BS and UE in 3GPP RAN4 specifications.
[bookmark: OLE_LINK109]Proposal 1: Ambient IOT BS shall transmit in FDD downlink operating band.
2.2 Ambient IOT BS RF requirement
In last April meeting there are some contributions discussed the RF requirements [].
[bookmark: OLE_LINK73]Issue 3-2-2: AIOT reader (BS)

Option 1 (SS): 
· Strive to minimize the impact for gNB hardware change.
· At BS/ intermediate node side, in terms of NB-IoT and NR co-existence with mixed numerology, FFS whether to define Guard RB or to leave it to implementation (e.g., separate digital filtering, internal gap), to mitigate the in-channel and adjacent-channel interference.
Option 2 (ZTE): 
· [bookmark: OLE_LINK91][bookmark: OLE_LINK92]specify the RF requirement (e.g. Tx and Rx RF requirements) for standalone A-IoT BS and follow the legacy BS RF requirement framework;
· discuss the applicability of the existing RF requirement for in-band /guard band A-IoT BS and discuss potential new RF requirements for A-IoT BS e.g. power boosting, EVM requirements for OOK signal etc.
· specify RF requirement for A-IoT BS transmitting CW signals within topology and specify RF requirement for CW source Node transmitting CW signals outside of topology.
Option 3 (OPPO): The regulation from FCC and EU can be a starting point. e.g. EN 302 208 RF requirements
	Device
	Requirement
	Device
	Requirement

	interrogator transmitter conformance requirement
	Frequency error
	interrogator receiver conformance requirement
	Adjacent channel selectivity

	
	Frequency stability under low voltage conditions
	
	Blocking or desensitization

	
	Effective radiated power
	
	Receiver spurious response rejection

	
	Transmitter antenna beam-width
	
	Receiver sensitivity

	
	Transmitter spectrum masks
	
	Receiver radio-frequency intermodulation

	
	Transmitter spurious emissions
	
	

	
	Transmission times
	
	



Deployment scenarios for D1T1 was discussed in last meeting. Option 2-1 scenario is AIOT and NR BS share the hardware. Due the BS implementation complexity [R4-2405299] and operator shows more interest in Option 1-1 and 1-2. RAN4 reached the agreement that RAN4 to first evaluate co-existence for deployment scenario of option 1-1 and 1-2, and further study option 2-1 and 2-2. 

[bookmark: _Hlk165991247][bookmark: OLE_LINK38][bookmark: _Hlk166079680][bookmark: OLE_LINK76]Issue 2-1-1: deployment scenarios for D1T1
Option 1-1: Legacy NR gNB are outdoor macro gNB while AIoT reader/CW/devices are all indoors. Legacy NR UE is only allowed outdoors.
Option 1-2: Legacy NR gNB are outdoor macro gNB while AIoT reader/CW/devices are all indoors. Legacy NR UE is indoor accessing to outdoor NR marco gNB
[bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK35]Option 2-1: Legacy NR gNB are co-located with AIoT reader and CW. All of NR and AIoT BS/UE/Reader/Device/CW are indoors. AIoT reader /CW and Legacy gNB share same hardware
Option 2-2: Legacy NR gNB are co-located with AIoT reader and CW. All of NR and AIoT BS/UE/Reader/Device/CW are indoors. AIoT reader /CW and Legacy NR gNB do not share same hardware. (less limitation on the power boosting)
[bookmark: OLE_LINK112][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK97]Proposal 2: in rel-19, RAN4 specify the RF requirement for BS only support Ambient IOT. BS support multiple RAT can be discussed in future release.
For the ambient IOT BS RF requirement, since ambient IOT is operating within an LTE/NR channel, for the requirements related to out of LTE/NR channel, the existing BS RF requirements can be used as starting point. Within the LTE/NR channel, we need further consider the ACLR/ACS requirement based on the co-existence study. In the following we look at each TX and RX requirement for ambient IOT BS.
Table 2.2-1 Preliminary analysis on RF requirement for ambient IOT BS
	TS 38.104 subclause
	Requirement
	Preliminary analysis

	6.2
	[bookmark: OLE_LINK9][bookmark: OLE_LINK1]Base station output power
	The rated output power limits for Medium range BS is applicable to Ambient IOT BS

	6.3
	Output power dynamics
	[bookmark: OLE_LINK104]The general output power dynamics are not applicable to Ambient IOT BS. The power boosting for BS support both Ambient IOT and NR can be discussed in future release.

	6.4
	Transmit ON/OFF power
	Not applicable

	6.5
	Transmitted signal quality
	R2D is OOK waveform generated by OFDM modulator. The frequency error for Medium range BS can be reused for Ambient since OFDM modulator is adopted. The signal quality requirement for OOK waveform may need more study.


	6.6
	Unwanted Emissions
	　

	6.6.2
	Occupied bandwidth
	Channel bandwidth for Ambient IOT might be needed.

	6.6.3
	Adjacent Channel Leakage power Ratio
	ACLR can be defined based on the co-existence study

	6.6.4
	Operating band unwanted emissions 
	Need more study for OBUE after ACLR is defined.

	6.6.5
	Spurious emission
	Existing spurious emission requirement is applicable

	6.7
	Transmitter intermodulation
	FFS, might not be needed

	7.2
	Reference sensitivity level
	FFS, the residual noise from CW interference need to be considered


	7.3
	Dynamic range
	FFS

	7.4
	In-band selectivity and blocking
	ACS can be defined based on the co-existence study. In-band blocking need more study after ACS is defined

	7.5
	[bookmark: OLE_LINK107][bookmark: OLE_LINK108]Out-of-band blocking
	Existing out-of-band blocking requirement is applicable

	7.6
	Receiver spurious emissions
	Existing RX spurious emission requirement is applicable

	7.7
	Receiver intermodulation
	FFS

	7.8
	In-channel selectivity
	Not applicable



[bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK33][bookmark: OLE_LINK34]2.3 Ambient IOT BS parameters
In this clause we provide some proposal on BS parameters which are to be used in the coexistence study.
[bookmark: OLE_LINK39][bookmark: OLE_LINK95]2.3.1	Base station output power
BS output power is a key parameter for coverage. In existing NR specification, the rated carrier output power of the BS type 1-C is 38 dBm for MR BS, which is characterised by requirements derived from Micro Cell scenarios.
Table 6.2.1-1: BS type 1-C rated output power limits for BS classes
	BS class
	Prated,c,AC

	Wide Area BS
	(Note)

	Medium Range BS
	≤ 38 dBm

	Local Area BS
	≤ 24 dBm

	NOTE:	There is no upper limit for the Prated,c,AC rated output power of the Wide Area Base Station.



[bookmark: OLE_LINK96]The above rated output power limits for Medium range BS is applicable to Ambient IOT BS for D1T1 deployment scenarios.
[bookmark: OLE_LINK113][bookmark: OLE_LINK114]As a reference, the UHF RFID reader can transmit with 35 dBm EIRP, according to the ISM band regulation. From the view of better coverage than UHF RFID, it is reasonable to assume the transmit power of Ambient IoT BS to be no lower than that of the RFID reader. In other words, a transmit power of 35 dBm EIRP can be used as baseline for Ambient IoT basestation, which consists of e.g. 33 dBm transmit power and 2 dBi antenna gain. From the perspective of better coverage for Ambient IoT comparing to the UHF RFID, the transmit power of 33 dBm for the same EIRP as the UHF RFID reader and the maximum transmit power of 38 dBm for micro-BS are recommended for the evaluations.
[bookmark: OLE_LINK115][bookmark: OLE_LINK116]Proposal 3: The existing rated output power limits for NR Medium range BS is applicable to Ambient IOT BS for D1T1 deployment scenarios.
Proposal 4: the maximum transmit power of 33 dBm and 38 dBm for micro-BS are recommended for the evaluations.
[bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK50][bookmark: OLE_LINK51]2.3.2	BS Antenna
[bookmark: OLE_LINK55]For D1T1, indoor BS is typically deployed by ceiling installation, especially for the scenarios of factory or warehouse. The typical antenna gain is 2 dBi for internal antenna and 6 dBi for external antenna, which are in line with the assumptions made in previous study for UTRA and E-UTRA micro BS. The horizontal antenna patterns can be assumed to be omnidirectional, and there is some directionality in the vertical antenna pattern. 
[bookmark: OLE_LINK117]Proposal 5: For co-existence study, the following simplified antenna pattern is proposed,  
	[bookmark: OLE_LINK65][bookmark: OLE_LINK66]Vertical angle
	Internal Antenna
	External Antenna

	[bookmark: _Hlk166061077][bookmark: _Hlk166061079][bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK61][bookmark: OLE_LINK62]-45 ≤ θ ≤ 45
	2 dBi
	6 dBi

	Others
	-1 dBi
	0 dBi




[bookmark: _GoBack]3	Conclusion
This contribution discusses some proposals on Ambient IOT BS RF requirements.
Proposal 1: Ambient IOT BS shall transmit in FDD downlink operating band.
Proposal 2: in rel-19, RAN4 specify the RF requirement for BS only support Ambient IOT. BS support multiple RAT can be discussed in future release.
Proposal 3: The existing rated output power limits for NR Medium range BS is applicable to Ambient IOT BS for D1T1 deployment scenarios.
Proposal 4: the maximum transmit power of 33 dBm and 38 dBm for micro-BS are recommended for the evaluations.
Proposal 5: For co-existence study, the following simplified antenna pattern is proposed,  
	Vertical angle
	Internal Antenna
	External Antenna

	-45 ≤ θ ≤ 45
	2 dBi
	6 dBi

	Others
	-1 dBi
	0 dBi
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