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Introduction
In the RAN#102 meeting, Study on solutions for Ambient IoT (Internet of Things) in NR has been approved and it’s expected to start the normative work from this April meeting. In this contribution, we would like to share some initial views on the coexistence study and RF requirements for A-IoT system. 
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2.1. Discussion on Topology 1 and 2 
According to the SID objective and latest agreement reached in the previous RAN1 meeting, the A-IoT deployment could be categorized into the following two main scenarios:
1)  Topology 1 includes the following cases e..g. Case 1-1, Case 1-2 and Case 1-4. The deployment layout is depicted in the following figure 1-3 according to the latest agreement reached in last RAN1 meeting. 
NOTE 1: This topology includes the possibility that the BS transmitting to the Ambient IoT device is a different from the BS receiving from the Ambient IoT device.
NOTE 2: the DL/UL spectrum used for inventory command is not decided yet. 
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Figure 1. the illustration of Case 1-1 topology and its transmission signal
For the Case 1-1 with CW signal and backscattering signal transmitted in the DL direction, this will cause additional type of interference (e.g. CW signal, single-tone unmodulated sinusoid waveform or multi-tone waveforms for backscattering signal) to the legacy UEs when A-IoT is operating under the in-band/guard band mode. Additionally, there would be some CLI problems from the legacy BS towards A-IoT BS receiver and also self interference within A-IoT BS. Based on this consideration, Case 1-1 could be deprioritized from its impacts on the legacy UE or BS CLI problems unless these problems could be well addressed.
Proposal 1: deprioritize Case 1-1 in the topology 1 considering its impacts on the legacy UE or BS CLI problems at A-IoT BS receiver unless these problems could be well addressed.
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Figure 2. the illustration of Case 1-2 topology and its transmission signal
For the Case 1-2 with CW signal and backscattering signal transmitted in the UL direction, there would be no impacts on the legacy UE reception when A-IoT is operating under the in-band/guard band mode. In addition, for the inventory command, it is also preferred to be transmitted in the UL direction to minimize the impacts on the legacy UE and minimize the hardware complexity of A-IoT device (e.g. DL and UL are operating at the same frequency range without any frequency shifter). There might be impacts on BS CLI problems from A-IoT BS UL transmission towards the legacy BS UL reception, however due to the limited transmission power from A-IoT BS UL and it’s expected that the legacy BS could tolerate more CLI than A-IoT BS receiver, then its BS CLI problem should be also limited.
Proposal 2: prioritize Case 1-2 in the topology 1 given no impacts on the legacy UE and potential limited BS CLI problems towards the legacy BS receiver. 
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Figure 3. the illustration of Case 1-4 topology and its transmission signal
For the Case 1-4 with CW signal and backscattering signal transmitted in the UL direction, this is somehow similar as Case 1-2. The only difference is that CW signal transmitted outside of topology and this could leave some freedom for the deployment of CW signal source, however this also leave some uncertainty of coexistence impacts from the deployment perspective since its CW signal might be unknown to the network. 
Proposal 3: prioritize Case 1-4 in the topology 1 given no impacts on the legacy UE and potential limited BS CLI problems towards the legacy BS receiver. 
2)  Topology 2 includes the following cases e..g. Case 2-2, Case 2-3 and Case 2-4. The deployment layout is depicted in the following figure 4-6 according to the latest agreement reached in last RAN1 meeting. 
NOTE 3:  This topology includes the possibility that the intermediate node transmitting to the Ambient IoT device is a different from the intermediate node receiving from the Ambient IoT device
NOTE 4: the DL/UL spectrum used for inventory command is not decided yet. 
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Figure 4. the illustration of Case 2-2 topology and its transmission signal
For the Case 2-2 with CW signal and backscattering signal transmitted in the UL direction, there would be no impacts on the legacy UE reception. The potential inference caused in Case 2-2 is the uplink interference by CW signal or backscattering signal received at legacy BS side.
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Figure 5. the illustration of Case 2-3 topology and its transmission signal
For the Case 2-3 with CW signal and backscattering signal transmitted in the DL direction, there would be some impacts on the legacy UE reception e.g. CW signal transmitted from CW source and also backscattering signal from A-IoT Device when it’s under the in-band/guard band operation mode.
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Figure 6. the illustration of Case 2-4 topology and its transmission signal
For the Case 2-4 with CW signal and backscattering signal transmitted in the UL direction similar as Case 2-2, there would be no impacts on the legacy UE reception. The only difference is that CW signal transmitted outside of topology and this could leave some freedom for the deployment of CW signal source, however this also leave some uncertainty of coexistence impacts from the deployment perspective since its CW signal might be unknown to the legacy BS receiver.
Proposal 4: Case 2-2 and Case 2-4 could be prioritized in RAN4 as well if there are strong market demand. 
2.2. Discussion on coexistence cases and simulation assumptions
In the following section, we provide some initial views on the coexistence cases and simulation assumptions for A-IoT coexistence study.  
From our understanding, at least the following coexistence cases should be taken into account and further discuss downselection if some tightening cases among all could be identified.


Table 1. Evaluation cases for A-IoT coexistence study for topology 1
	Topology
	Case 
	Aggressor
	Victim
	Mode
	Inventory command
	CW signal/Backscattering signal
	Study Phase

	Case 1-2
	1
	Legacy TN DL
	A-IoT DL
	In-band/guard band
	DL


	     UL

	To check ACS requirement of A-IoT device for OOK signal decoding

	Case 1-2
	2
	A-IoT DL
	Legacy TN DL
	In-band/guard band
	DL

	    UL
	To check the ACLR requirement of A-IoT BS DL

	Case 1-2
	3
	Legacy TN UL
	A-IoT UL
	In-band/guard band
	DL

	UL
	To check the ACS requirement of A-IoT BS DL

	Case 1-2
	4
	A-IoT UL
	Legacy TN UL
	In-band/guard band
	DL
	UL
	To check the impacts of A-IoT CW signal and backscattering signal on legacy TN UL

	Case 1-2
	5
	Legacy TN UL
	A-IoT Device
	In-band/guard band
	UL

	     UL
	To check ACS requirement of A-IoT device for OOK signal decoding

	Case 1-2
	6
	Legacy TN UL
	A-IoT BS
	In-band/guard band
	UL
	    UL
	To check ACS requirement of A-IoT BS for backscattering signal detection

	Case 1-2
	7
	A-IoT UL
	Legacy TN UL
	In-band/guard band
	UL
	UL
	To check the impacts of inventory command, CW and backscattering signal on legacy BS receiver

	Case 1-4
	8
	Legacy TN DL
	A-IoT DL
	In-band/guard band
	DL


	     UL

	To check ACS requirement of A-IoT device for OOK signal decoding

	Case 1-4
	9
	A-IoT DL
	Legacy TN DL
	In-band/guard band
	DL

	    UL
	To check the ACLR requirement of A-IoT BS DL

	Case 1-4
	10
	Legacy TN UL
	A-IoT UL
	In-band/guard band
	DL

	UL
	To check the ACS requirement of A-IoT BS DL

	Case 1-4
	11
	A-IoT UL
	Legacy TN UL
	In-band/guard band
	DL
	UL
	To check the impacts of A-IoT CW signal and backscattering signal on legacy TN UL

	Case 1-4
	12
	Legacy TN UL
	A-IoT Device
	In-band/guard band
	UL

	     UL
	To check ACS requirement of A-IoT device for OOK signal decoding

	Case 1-4
	13
	Legacy TN UL
	A-IoT BS
	In-band/guard band
	UL
	    UL
	To check ACS requirement of A-IoT BS for backscattering signal detection

	Case 1-4
	14
	A-IoT UL
	Legacy TN UL
	In-band/guard band
	UL
	UL
	To check the impacts of inventory command, CW and backscattering signal on legacy BS receiver

	Case 1-1
	15
	Legacy TN DL
	A-IoT Device
	In-band/guard band
	DL
[UL ?]


	     DL

	To check ACS requirement of A-IoT device for OOK signal decoding

	Case 1-1
	16
	Legacy TN DL
	A-IoT BS
	In-band/guard band
	DL
[UL?]

	     DL

	To check ACS requirement of A-IoT BS.

	Case 1-1
	17
	A-IoT DL
	Legacy TN DL
	In-band/guard band
	DL
[UL?]

	 DL
	To check the impacts of A-IoT DL towards TN DL.
E.g. A-IoT BS ACLR and A-IoT UE ACLR requirements

	NOTE 1: The threshold for CW signal reception is to be checked.
NOTE 2: The threshold of OOK decoding is to be checked.
NOTE 3: The standalone operation could be considered as well.



Table 2. Evaluation cases for A-IoT coexistence study for topology 2
	Topology
	Case 
	Aggressor
	Victim
	Mode
	Inventory command
	CW signal/Backscattering signal
	Study Phase

	Case 2-2
	1
	Legacy TN UL
	A-IoT device
	In-band/guard band
	UL

	     UL

	To check ACS requirement of A-IoT device for OOK signal decoding

	Case 2-2
	2
	Legacy TN UL
	Intermediate UE
	In-band/guard band
	UL
	    UL
	To check the ACS requirement of intermediate UE

	Case 2-2
	3
	A-IoT UL
	Legacy TN UL
	In-band/guard band
	UL
	UL
	To check the intermediate UE ACLR, A-IoT Device ACLR, CW impacts of legacy BS receiver.

	Case 2-4
	4
	Legacy TN UL
	A-IoT device
	In-band/guard band
	UL

	     UL

	To check ACS requirement of A-IoT device for OOK signal decoding

	Case 2-4
	5
	Legacy TN UL
	Intermediate UE
	In-band/guard band
	UL
	    UL
	To check the ACS requirement of intermediate UE

	Case 2-4
	6
	A-IoT UL
	Legacy TN UL
	In-band/guard band
	UL
	UL
	To check the intermediate UE ACLR, A-IoT Device ACLR, CW impacts of legacy BS receiver.

	Case 2-3
	7
	Legacy TN UL
	A-IoT device
	In-band/guard band
	UL

	    DL

	To check ACS requirement of A-IoT device for OOK signal decoding

	Case 2-3
	8
	Legacy TN DL
	Intermediate UE
	In-band/guard band
	UL

	  DL
	To check ACS requirement of intermediate UE

	Case 2-3
	9
	A-IoT UL
	Legacy TN UL
	In-band/guard band
	UL

	DL
	To check ACLR requirement of f intermediate UE

	Case 2-3
	10
	A-IoT DL
	Legacy TN DL
	In-band/guard band
	UL

	DL
	To check ACLR requirement of A-IoT Device and the impacts of CW signal on the legacy UE.

	NOTE 1: The threshold for CW signal reception is to be checked.
NOTE 2: The threshold of OOK decoding is to be checked.
NOTE 3: The standalone operation could be considered as well.




For the simulation assumptions for A-IoT system and NR/NB system could be found in the Table 3 and 4. 
Table 3. the simulation assumption for A-IoT system
	
	Ambient-IoT system
	NOTE

	Carrier frequency in GHz
	 900MHz
	

	Size of each nominal channel BW in MHz
	200kHz as starting point
	

	Transmission bandwidth in MHz
	180kHz as starting point

	DL OFDM with OOK1 or OOK4 [DFT-s-OFDM] 

	Environment
	Topology 1 or 2
	

	Network layout
	19-sites [57 sectors] with wrap-around
	

	Inter-site distance in meter
	For Topology 1, ISD coverage 10-50m
For Topology 2, ISD as 500m

	Refer to 38.901
InF-SH: 300x150 m InF-DH: 120x60 m
Only foucs on reader and tag is placed indoor

	System loading and activity
	Full buffer 100%
	

	Network location
	TBD
	

	DL subcarrier spacing
	15kHz
	Data or signalling

	UL subcarrier spacing
	TBD


	Single tone (CW) or multiple tone. 
Without any subcarrier spacing concept.
Under the discussion in RAN1.

	DL power control
	No
	

	UL power control
	No
	This might be possible, not high priority
Devie 2B might have the power control

	Frequency reuse
	[1] as worst case
	FFS for other frequency reuse factor
Note that RFID has considered sub-channel different from FRF=1

	Number of scheduled UE per cell (DL)
	1
	

	Number of scheduled UE per cell (UL)
	TBD
	Depend on the multi-access mechanism
This is also under the discussion in RAN1 and also dependent on the backscattering waveform/mutiplexing factor in the uplink direction. 

	Device antenna height in meter
	1.5
	

	Device TX power in dBm
	TBD as fixed value proposed by RAN1
	This also depends on the power efficiency of backscattering.

	Device antenna gain in dBi
	0
	

	Building penetration loss
	TR 45.820[9] Annex D.1 
	

	Cell selection margin in dB
	NA
	

	BS-MS min distance in meters
	35
	

	BS noise figure in dB
	TBD
	10/13dB as starting point

	A-IoT Device noise figure in dB
	TBD
	Refer to LP-WUS as starting point for [Device 2B]
FFS for Device 1 and 2A

	BS-UE path-loss model
	TR 38.901
	

	Standard deviation of BS-UE log-normal shadow fading in dB
	10
	

	Shadowing correlation
	Inter-cell 0.5 
Intra-cell 1
	

	Link-level performance model
	To be further checked since modulation order has changed
	BLER vs SNR for OOK/OOK4 signal could be further checked.

	UE distribution
	Random distribution
	

	Evaluation metrics
	SINR vs ACS (as victim)
	



Table 4. the simulation assumption for NR and standalone NB
	
	NB-IoT
standalone
	NR 
[in-band/guard band]
Adjacent carrier coexistence

	Carrier frequency in GHz
	0.9
	0.9

	Size of each nominal channel BW in MHz
	0.2
	20

	Transmission bandwidth in MHz
	0.18
	N/A

	Environment
	Urban macro
Rural
	Deployment scenario related, see Table 6.2.2.4-2.

	Network layout
	19-sites [57 sectors] with wrap-around
	19-sites 57 sectors with wrap-around

	Inter-site distance in meter
	500 for 2GHz band for UMA
TBD For Rural
	Deployment scenario related, see Table 6.2.2.4-2

	System loading and activity
	Full buffer 100%
	See Table 6.2.1.1-1

	Network location
	TBD
	See Table 6.2.1.1-1

	DL subcarrier spacing
	15kHz
	15kHz

	UL
	See RP-152284[7]
	OFDMA

	DL power control
	No
	No

	UL power control
	TR 36.942[8] section 5.1.1.6 (set 1) by bandwidth scale, target SNR at BS is 15 dB
	TR 36.942[8]

	Frequency reuse
	1
	1

	Number of scheduled UE per cell (DL)
	1
	1

	Number of scheduled UE per cell (UL)
	3 for multi-tone (60kHz per UE), 
12 for 15kHz single-tone, 
48 for 3.75kHz single-tone
	3

	UE antenna height in meter
	1.5
	1.5m

	UE TX power in dBm
	-40 to 23
	-40 to 23

	UE antenna gain in dBi
	0
	0

	Building penetration loss
	TR 45.820[9] Annex D.1 
	In pathloss model, TR 38.901[10]

	Cell selection margin in dB
	3
	3

	BS-MS min distance in meters
	35
	35

	BS noise figure in dB
	5
	5

	UE noise figure in dB
	9
	9

	BS-UE path-loss model
	TR 36.942[8] macro urban
	TR 38.901[10]

	Standard deviation of BS-UE log-normal shadow fading in dB
	10
	Deployment scenario related, referring to TR 38.901[10]

	Shadowing correlation
	Inter-cell 0.5 
Intra-cell 1
	Inter-cell 0.5 
Intra-cell 1

	Link-level performance model
	
	See Section 6.2.8
Throughtput-SINR mapping

	UE distribution
	
	Uniform

	Evaluation metrics
	SINR vs ACS (as victim)
	See Section 6.2.8 
Throughtput or SNR loss criteria


2.3. RF requirements 
Based on the above consideration, at least three would be following nodes to be specified with the corresponding RF requirements:
1) A-IoT BS
-  A-IoT BS is supposed to transmit the inventory command to A-IoT device in topology 1 and also decoding the backscattering signal reflected back from A-IoT device. To specify the Tx and Rx requirement for A-IoT BS.
For the standalone A-IoT BS, then the new Tx and Rx requirement should be specified accordingly. 
For in-band/guard band A-IoT UE, this needs more discussions in the SI phase. For the legacy LTE in-band/guard band NB-IoT operation in Rel-14 or the legacy NR in-band NB-IoT operation in Rel-16, the out of band emission requirements of transmitter, (e.g. ACLR, UEM, transmitter spurious emission, Tx intermodulation requirement) are still kept the same as legacy RF requirements. It’s also the same story for receiver RF requirements e.g. the ACS/IBB, OOBB, NBB Rx IMD or general Rx IMD requirement are still kept the same. However for in-band/guard band NB-IoT BS might be equipped with individual RF hardware in addition to the RF hardware for eMBB service due to the potential high power boosting requirements etc. 
Proposal 6: specify the RF requirement (e.g. Tx and Rx RF requirements) for standalone A-IoT BS and follow the legacy BS RF requirement framework; 
Proposal 7: discuss the applicability of the existing RF requirement for in-band /guard band A-IoT BS and potential new RF requirements for A-IoT BS e.g. power boosting, EVM requirements for OOK signal etc. 

2) A-IoT Device
-  A-IoT device is supposed to decode the inventory command from either A-IoT BS from topology 1 or intermediate UE in the topology 2 and also backscatter the signal with the stimulus signal as CW signals. In addition, according to the latest RAN1 agreement, there would be three types of A-IoT devices with different capabilities and also some different RF architecture assumptions. 
	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 the above considerations, we make the following proposals:
Proposal 8: specify different sets of RF requirement for Ambient IoT Device 1, Device 2a and Device 2b; 
Proposal 9: specify the RF requirement (e.g. Tx and Rx, ACS, ASCS etc requirements) for A-IoT device;
Proposal 10: treat the reception of CW signals as part of Rx requirements for Ambient IoT Device 1, Device 2a.
3) Intermediate UE
-  In the topology 2, intermediate node is used to transmit the inventory command towards the A-IoT device and also decoding the backscattering signal from the A-IoT UE. Similar as A-IoT BS, we also need to consider the Tx/Rx requirement for intermediate UE;
Proposal 11: specify the Tx and Rx requirement for intermediate UE in addition to RF requirements for the legacy Uu link.
4) CW source signal node
Based on the latest discussion in RAN1, CW could be transmitted within the topology and also outside of topology, in other words, RF requirement could be defined for A-IoT BS transmitting CW signals or intermediate UE transmitting CW signals and RF requirement could be defined for Node transmitting CW signals outside of topology.
Proposal 12: specify RF requirement for A-IoT BS transmitting CW signals or intermediate UE transmitting CW signals within topology and specify RF requirement for CW source Node transmitting CW signals outside of topology.
Conclusions
In this contribution, we shared some initial views on the coexistence study and RF requirements for A-IoT system and proposals are made as following: 
Proposal 1: deprioritize Case 1-1 in the topology 1 considering its impacts on the legacy UE or BS CLI problems at A-IoT BS receiver unless these problems could be well addressed.
Proposal 2: prioritize Case 1-2 in the topology 1 given no impacts on the legacy UE and potential limited BS CLI problems towards the legacy BS receiver. 
Proposal 3: prioritize Case 1-4 in the topology 1 given no impacts on the legacy UE and potential limited BS CLI problems towards the legacy BS receiver. 
Proposal 4: Case 2-2 and Case 2-4 could be prioritized in RAN4 as well if there are strong market demand. 
Proposal 5: consider the coexistence cases as listed in table 1 and table 2 and simulation assumptions in table 3 and 4.
Proposal 6: specify the RF requirement (e.g. Tx and Rx RF requirements) for standalone A-IoT BS and follow the legacy BS RF requirement framework; 
Proposal 7: 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. 
Proposal 8: specify different sets of RF requirement for Ambient IoT Device 1, Device 2a and Device 2b; 
Proposal 9: specify the RF requirement (e.g. Tx and Rx, ACS, ASCS etc requirements) for A-IoT device;
Proposal 10: treat the reception of CW signals as part of Rx requirements for Ambient IoT Device 1, Device 2a.
Proposal 11: specify the Tx and Rx requirement for intermediate UE in addition to RF requirements for the legacy Uu link.
Proposal 12: specify RF requirement for A-IoT BS transmitting CW signals or intermediate UE transmitting CW signals within topology and specify RF requirement for CW source Node transmitting CW signals outside of topology.
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