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Introduction
In RAN4 #110-bis meeting, the agreements on ambient IoT coexistence study were captured in [1]. This paper provides our considerations on the remaining issues discussed in last RAN4 meeting.  
Discussion 
2.1 Coexsitence between NR and AIOT for D1T1 for device 1 and 2a 
The agreements on deployment scenario and spectrum usage for D1TI is listed as follows:
Agreements on the deployment scenarios and spectrum usage for D1T1
· RAN4 to first evaluate co-existence for deployment scenario of option 1-1 and 1-2.
· 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

To be more specific, the deployment scenarios option 1-1 and option 1-2 for D1T1 are illustrated as in Figure 1 and Figure 2, respectively.  
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Figure 1. Option 1-1 for D1T1 (Legacy UE is only allow for outdoor)
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Figure 2. Option 1-2 for D1T1 (Legacy UE can be allowed for indoor, accessing outdoor macro BS)
For the spectrum deployment mode, we also have agreements as follows in last RAN4 meeting. Agreements
· Prioritize the following spectrum deployment mode for RAN4 co-existence evaluation
· A-IoT is located within a NR transmission bandwidth configuration
· A-IoT which is operating indoor shares in-band spectrum with outdoor macro BS

Since indoor A-IoT sharing the in-band spectrum with outdoor macro BS, there is possibility that the A-IoT devices are in co-channel with the legacy UEs. 
· For option 1-1 shown in Figure 1, considering there is penetration loss from indoor to outdoor, the co-channel coexistence between A-IoT device and outdoor UEs might be okay to manage. 
· For option 1-2 shown in Figure 2, two possible cases are analyzed as 
· assuming there is coordination mechanism between outdoor macro BS and indoor micro BS,  the allocation bandwidth to indoor UE2 can be avoided to be co-channel with A-IoT devices. But there is still possibility that the outdoor UE1 is in co-channel with indoor A-IoT devices due to penetration loss from outdoor to indoor. Therefore, the coexistence scenario would be the indoor legacy UE are in adjacent channel with A-IoT devices and outdoor legacy UE is in co-channel with indoor A-IoT devices. 
· assuming it is difficult to do coordination between outdoor macro BS and indoor micro BS,  there is possibility that the indoor UE2 is in co-channel with indoor A-IoT devices, which requires FFS for the coexistence conditions, such as guard band, minimum distance, etc. 
Observation 1: Since indoor A-IoT sharing the in-band spectrum with outdoor macro BS, there is possibility that the A-IoT devices are in co-channel with the legacy UEs. 
Proposal 1: For option 1-1 in D1T1, prioritize the case that the outdoor legacy UE and indoor A-IoT devices are co-channel. For option 1-2 in D1T1, RAN4 consider two cases:
· Case 1: The indoor legacy UE and indoor A-IoT devices are in adjacent channel. 
· Case 2: The indoor legacy UE and indoor A-IoT devices are in co-channel. FFS the co-channel coexistence conditions, such as guard band, minimum distance, etc. 
Agreements on spectrum usage
· FFS on whether to prioritize FDD DL spectrum for R2D for D1T1 for co-existence evaluation.
· For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, consider the following for co-existence evaluation.
· CW transmits in either UL or DL spectrum
· FFS on inside topology and outside topology.

Observation 2: For D1T1, the reader is considered as kind of indoor micro BS, therefore, the R2D is preferred to be in the DL spectrum from the coverage and regulation perspective. 
Proposal 2: For D1T1, prioritize FDD DL spectrum for R2D in D1T1 coexistence evaluation. 
[image: ]Based on the spectrum usage agreements, taking the deployment option 1-2 as example, the detailed spectrum usage plans can be illustrated as Figure 3 for better comparing the coexistence cases between NR and A-IoT. 

Figure 3. Illustration of spectrum usage for D1T1 Option 1-2
The 3 sub-scenarios of D1T1 (D1T1-A1, D1T1-A2 and D1T1-B) are very important for the CW interference cancelation ability discussion. However, the 3 sub-scenarios won’t have such big impact on the interference level of some cases for the coexistence between NR and AIOT. Therefore, we could consider simplifying the coexistence cases. 
More specifically, when R2D/CW2D/D2R are all in DL spectrum, 
· The interference from NR DL to R2D link: this interference will depend on the macro BS position and A-IoT device locations, which is agnostic to the reader/CW deployment. Therefore, the R2D performance might be slightly different, while the interference level for 3 sub-scenarios would be close to similar.  The scenario D1T1-A2 is recommended to be studied firstly considering its clear topology. 
· The interference from NR DL and CW2D to D2R link: the D2R link will receive the interference from the NR DL and CW2D at the same time. The interference from NR DL will depend on the location of BS and the reader deployment.  The interference from CW2D will depend on the CW/Reader deployment and the self-interference cancellation capability. Therefore, this case needs to be considered separately for 3 sub-scenarios. 
· The interference from NR DL to CW2D: not needed for study due to the nature of backscattering.
· The interference from R2D to NR DL: the interference level depends on the reader deployment and the UE locations. Considering the reader density in D1T1-A2 is higher than the other two, the R2D interference is higher. Therefore, D1T1-A2 is recommended for study firstly. 
· The interference from D2R to NR DL: the strongest interference will be when the A-IoT tag is very close to the NR legacy UE. The distance between NR legacy UE and A-IoT device is the main factor to the interference level. Therefore, the interference level for 3 sub-scenarios would be close to similar. The scenario D1T1-A2 is recommended to be studied firstly considering its clear topology. 
· The interference from CW2D to NR DL:  since CW signal is only occupied single tone or several tones, the impact would be marginal if NR UE and A-IoT are in adjacent channel considering the NR UE RF filter could remove the CW interference. However, if NR UE and A-IoT reader is in the same channel, and high CW PSD would block the NR UE receiving. Therefore, this case needs to be considered separately. 
When R2D is in DL spectrum, CW2D/D2R in the UL spectrum, 
· The interference from NR DL to R2D and the interference from R2D to NR DL are similar analysis with the above analysis. 
· The interference from NR UL to CW2D: not needed for study due to the nature of backscattering. 
· The interference from NR UL + CW2D to D2R: the interference level will depend on the distribution of reader and the CW2D interference cancelation status. Therefore, this case needs to be considered separately. 
· The interference from CW2D to NR UL: the macro-BS is outdoor, and the since CW signal is only occupied single tone or several tones.  The impact would be marginal. Therefore, this case can be considered as low priority. 
· The interference from D2R to NR UL: D2R signal level is not high due to the D2R signal had two times propagation loss and some certain energy loss during the backscattering process. Furthermore, the macro BS is outdoor and there is penetration loss. Therefore, this case can be considered as low priority. 
Observation 3:  For some coexistence cases between NR and A-IoT, the interference level is 1) very close for the 3 sub-scenarios of D1T1 (D1T1-A1, D1T1-A2 and D1T1-B, 2) marginal, 3) the interference level in one sub-scenario is higher than the other two. 
Proposal 3: The coexistence cases between NR and A-IOT for D1T1 listed in Table 1 are proposed to be evaluated firstly in RAN4.  
Table 1. Coexistence Cases between NR and A-IOT for D1T1
	Case No.
	Spectrum usage
	Aggressor
(note 2)
	Victim
	Contributing to
	Considered scenarios

	1
	R2D/CW2D/R2D in DL spectrum,
	NR DL
	R2D
	Device ACS
	D1T1-A2

	2
	
	NRDL+CW2D
	D2R (note 1)
	Reader ACS
	D1T1-A1, D1T1-A2, D1T1-B

	3
	
	R2D
	NR DL
	Reader ACLR
	D1T1-A2

	4
	
	D2R
	NR DL
	Device ACLR
	D1T1-A2

	5
	
	CW2D
	NR DL
	CW power, BW, guard band
	D1T1-A2
Co-channel

	6
	R2D in DL spectrum, CW2D/R2D in UL spectrum
	NRUL+CW2D
	D2R (note 1)
	Reader ACS
	D1T1-A1, D1T1-A2, D1T1-B

	Note 1: The D2R link will receive the interference from CW2D and NR at the same time.
Note 2: The CW signal in this table means the CW for backscattering. The CW for energy harvest is not included.


2.2 Coexistence between NR and AIOT for D2T2 for device 1 and 2a 
The agreements for deployment sceanrios for D2T2 are listed as follows:
Agreement for deployment scenarios for D2T2 
· For D2T2 co-existence evaluation, Legacy NR gNB are outdoor macro gNB, AIoT intermediate UE/CW/devices are all indoors. Consider option 1-1 and option 1-2 as the starting point
· Option 1-1:  Legacy NR gNB are outdoor macro gNB, AIoT intermediate UE/CW/devices are all indoors. Legacy NR UE is only allowed outdoor.
· Option 1-2:  Legacy NR gNB are outdoor macro gNB, AIoT intermediate UE/CW/devices are all indoors. Legacy NR UE is indoor.
· 

To be more specific, the deployment scenarios option 1-1 and option 1-2 for D2T2 are illustrated as in Figure 4 and Figure 5, respectively.  
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Figure 4. Option 1-1 for scenario D2T2 (Legacy NR UE are only allowed for outdoor)
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Figure 5. Option 2-2 for scenario D2T2Agreements on spectrum usage for D2T2
· Use FDD UL spectrum for R2D in D2T2.
· For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering
· Use UL spectrum as the starting point for co-existence evaluation.
· It won’t preclude the use of DL for backscattering transmission.
· FFS on the minimum distance between the intermediate UE and A-IoT device
·  

Based on the agreements, taking the deployment option 1-2 as example, the detailed spectrum usage plans can be illustrated as Figure 6 for better comparing the coexistence cases between NR and A-IoT. 
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Figure 6.  Illustration of spectrum usage for D2T2 Option 1-2
Similar with the analysis conducted for D1T1, there are 3 sub-scenarios are considered for D2T2. Not all the coexistence cases are sensitive to the 3 sub-scenarios. The detailed analysis for D2T2 coexistence cases are as follows:
If R2D/CW2D/D2R are in UL spectrum for D2T2-A1/A2/B, 
· For the interference from NR UL to R2D: the nature is UE to A-IoT device coexistence. The distance between the UE and A-IoT device is the key factor for interference level. Therefore, the coexistence for this case in 3 sub-scenarios are close to similar. 
· For the interference from NR UL+CW2D to D2R: the D2R link will receive the interference from the NR UL and CW2D at the same time. The interference from NR UL depends on the distribution of UE, and the interference from CW2D depends on the CW interference cancellation capability of reader. Therefore, the study in 3 sub-scenarios is needed. 
· For the interference from NR UL to CW2D: not needed due to the nature of backscattering. 
· For the interference from R2D to NR UL: the interference level depends on the intermediate node (UE) distribution and the macro BS position, which is close to similar for the 3-subscenarios. Therefore, the case for the D2T2-A2 can be studied due to its clear and simple topology. 
· For the interference form D2R to NR UL: D2R signal level is not high due to the D2R signal had two times propagation loss and the some certain energy loss during the backscattering process. Furthermore, the macro BS is outdoor and there is penetration loss. Therefore, this case can be considered as low priority.
· For the interference from CW2D to NR UL: considering the occupied bandwidth for CW signal and the penetration loss from indoor to outdoor, the interference is marginal for adjacent channels. The intermediate UE and the legacy NR UE are scheduled by the same macro-outdoor BS and the allocated frequency resource can be different. Therefore, this case can be considered as low priority. 
If R2D is in UL spectrum and CW2D/D2R in DL spectrum for D2T2-B, 
· For the interference from R2D to NR UL and the interference from NR UL to R2D, the two cases are aligned with the above analysis. Therefore, there is no need to re-evaluate in this spectrum usage type. 
· For the interference from NR DL+CW2D to D2R: the interference highly depends on the distance between the outdoor BS location and the intermediate node UE, which could be the major interference scenario for this spectrum usage mode. 
· For the interference from NR DL to CW2D: not needed due to the nature of backscattering. 
· For the interference from D2R to NR DL: the interference level depends on the distance between A-IoT device and legacy UE. Considering that the interference from A-IoT devices needs to be aggregated and the legacy UE receiving DL signal level might be not strong due to the penetration loss, the case is proposed to be evaluated. 
· For the interference from CW2D to NR DL: the macro BS can coordinate the spectrum used for A-IoT and the legacy UEs, therefore, the two systems can be in adjacent channels.  However, the distance between the CW emitter and the legacy UE is still not clear, it is worthy to be studied the interference level considering the CW emitter and legacy UE’s positions are mobile. 
Observation 4:  For some coexistence cases between NR and A-IoT, the interference level are very close for the 3 sub-scenarios of D2T2 ( D2T2-A1, D2T2-A2 and D2T2-B).Therefore, some cases can be combined. Furthermore, the interference are marginal for some coexistence cases between NR and A-IoT considering the nature of backscattering and penetration loss. 
Proposal 4: The coexistence cases listed in Table 2 can be considered. And R2D/CW2D/D2R in UL spectrum is evaluated as the high priority for the coexistence between NR and A-IOT for D2T2.  
Table 2. Coexistence Cases between NR and A-IOT for D2T2
	Case No.
	Spectrum usage
	Aggressor
(note 2)
	Victim
	Contributing to
	Considered scenarios

	1
	R2D/CW2D/D2R in UL spectrum,
	NR UL
	R2D
	Device ACS
	D2T2-A2

	2
	
	NRUL+CW2D
	D2R (note 1)
	Reader ACS
	D2T2-A1, D2T2-A2, D2T2-B

	3
	
	R2D
	NR UL
	Reader ACLR
	D2T2-A2

	4
	R2D in UL spectrum, CW2D/D2R in DL spectrum
	NR DL+CW2D
	D2R (note 1)
	Reader ACS
	D2T2-B

	5
	
	D2R
	NR DL
	Device ACLR
	D2T2-B

	6
	
	CW2D
	NR DL
	CW power, BW, Min distance
	D2T2-B

	Note 1: The D2R link will receive the interference from CW and NR at the same time.
Note 2: The CW signal in this table means the CW for backscattering. The CW for energy harvest is not included.


3 Conclusion
In summary, we have following observations and proposals. 
Observation 1: Since indoor A-IoT sharing the in-band spectrum with outdoor macro BS, there is possibility that the A-IoT devices are in co-channel with the legacy UEs. 
Proposal 1: For option 1-1 in D1T1, prioritize the case that the outdoor legacy UE and indoor A-IoT devices are co-channel. For option 1-2 in D1T1, RAN4 consider two cases:
· Case 1: The indoor legacy UE and indoor A-IoT devices are in adjacent channel. 
· Case 2: The indoor legacy UE and indoor A-IoT devices are in co-channel. FFS the co-channel coexistence conditions, such as guard band, minimum distance, etc. 
Observation 2: For D1T1, the reader is considered as kind of indoor micro BS, therefore, the R2D is preferred to be in the DL spectrum from the coverage and regulation perspective. 
Proposal 2: For D1T1, prioritize FDD DL spectrum for R2D in D1T1 coexistence evaluation. 
Observation 3:  For some coexistence cases between NR and A-IoT, the interference level is 1) very close for the 3 sub-scenarios of D1T1 (D1T1-A1, D1T1-A2 and D1T1-B, 2) marginal, 3) the interference level in one sub-scenario is higher than the other two. 
Proposal 3: The coexistence cases between NR and A-IOT for D1T1 listed in Table 1 are proposed to be evaluated firstly in RAN4.  
Table 1. Coexistence Cases between NR and A-IOT for D1T1
	Case No.
	Spectrum usage
	Aggressor
(note 2)
	Victim
	Contributing to
	Considered scenarios

	1
	R2D/CW2D/R2D in DL spectrum,
	NR DL
	R2D
	Device ACS
	D1T1-A2

	2
	
	NRDL+CW2D
	D2R (note 1)
	Reader ACS
	D1T1-A1, D1T1-A2, D1T1-B

	3
	
	R2D
	NR DL
	Reader ACLR
	D1T1-A2

	4
	
	D2R
	NR DL
	Device ACLR
	D1T1-A2

	5
	
	CW2D
	NR DL
	CW power, BW, guard band
	D1T1-A2
Co-channel

	6
	R2D in DL spectrum, CW2D/R2D in UL spectrum
	NRUL+CW2D
	D2R (note 1)
	Reader ACS
	D1T1-A1, D1T1-A2, D1T1-B

	Note 1: The D2R link will receive the interference from CW2D and NR at the same time.
Note 2: The CW signal in this table means the CW for backscattering. The CW for energy harvest is not included.



Observation 4:  For some coexistence cases between NR and A-IoT, the interference level are very close for the 3 sub-scenarios of D2T2 ( D2T2-A1, D2T2-A2 and D2T2-B).Therefore, some cases can be combined. Furthermore, the interference are marginal for some coexistence cases between NR and A-IoT considering the nature of backscattering and penetration loss. 
Proposal 4: The coexistence cases listed in Table 2 can be considered. And R2D/CW2D/D2R in UL spectrum is evaluated as the high priority for the coexistence between NR and A-IOT for D2T2.  
Table 2. Coexistence Cases between NR and A-IOT for D2T2
	Case No.
	Spectrum usage
	Aggressor
(note 2)
	Victim
	Contributing to
	Considered scenarios

	1
	R2D/CW2D/D2R in UL spectrum,
	NR UL
	R2D
	Device ACS
	D2T2-A2

	2
	
	NRUL+CW2D
	D2R (note 1)
	Reader ACS
	D2T2-A1, D2T2-A2, D2T2-B

	3
	
	R2D
	NR UL
	Reader ACLR
	D2T2-A2

	4
	R2D in UL spectrum, CW2D/D2R in DL spectrum
	NR DL+CW2D
	D2R (note 1)
	Reader ACS
	D2T2-B

	5
	
	D2R
	NR DL
	Device ACLR
	D2T2-B

	6
	
	CW2D
	NR DL
	CW power, BW, Min distance
	D2T2-B

	Note 1: The D2R link will receive the interference from CW and NR at the same time.
Note 2: The CW signal in this table means the CW for backscattering. The CW for energy harvest is not included.
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