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1. Introduction
This document discusses and aims to help progress the remaining open issues on IoT NTN vs TN coexistence.
2. Status from RAN4#104-e
At RAN4#104-e, the following WF was agreed in [1] in relation to coexistence assumptions:
In general, the assumptions below have been taken from NR NTN, but modified with aspects from TR36.802 for NB-IoT NTN.
1) Whether to model for cat-M1: FFS whether the co-existence for cat-M1 need to be evaluated pending on the assumption ACIR modelling; if flat ACIR model adopted, then NB-IoT results could be used to assume coexistence for cat-M1.
2) Whether to model downlink as well as uplink – no comments: Model both
3) Which performance metrics: As 36.802, SINR impact for NB-IoT victim, and throughput loss for NR victim pending on ACLR modelling.
4) For uplink, how many UEs to model: Further alignment needed here (9 for all SCS vs up to 36 for 3.75KHz were proposed)
5) Consideration of isolation distance from TN in UL: Include this case.
6) The ACLR/ACS model to use. Flat model vs 3-step model proposed – further alignment needed in general
7) AAS vs non-AAS, we include both in the simulations: include both
3. Outstanding issues for UL (case 4 scenario) modelling
3.1	ACIR modelling and translation to existing ACLR requirements
For modelling uplink interference between systems, firstly we need to bear in mind that the point of the coexistence analysis is to “verify” coexistence, meaning to verify that there is no need to change the existing specified values. Given that there are no GSM bands used by or adjacent to satellite access bands, the most relevant ACLR value is the UTRA ACLR as shown in table 1 below. Therefore, our modelling should give us an understanding that this value is achievable also for NB-IoT operating via NTN.
Table 1: NB-IoT ACLR values from TS36.101
	
	GSMACLR
	UTRAACLR

	ACLR
	20 dB
	37 dB

	Adjacent channel center frequency offset from category NB1 or NB2 Channel edge
	±200 kHz
	±2.5 MHz

	Adjacent channel measurement bandwidth
	180 kHz
	3.84 MHz

	Measurement filter
	Rectangular
	RRC-filter α=0.22

	Category NB1 and NB2 channel measurement bandwidth
	180 kHz
	180 kHz

	Category NB1 and NB2 channel Measurement filter
	Rectangular
	Rectangular


Analysis of 36.802 approach for modelling UE ACLR
We have analysed further the ACLR modelling used in TR36.802 for NB-IoT TN vs LTE TN. In TR36.802, a flat ACLR model is used, and applies FACLR scaling (ACLRe = ACLR – FACLR) where:
FACLR = 10*log10[(9MHz/number of UEs)/180kHz] = 12.22dB
This essentially means that when the ACLR stated in the results is 30dB (X=0), the ACLRe is actually 17.78dB, increasing the interference to the victim system by 12.22dB compared to what is stated as the ACLR value. Such an approach does not seem appropriate when the ACLR is actually defined with respect to the victim bandwidth of a wideband system. Therefore, we believe that the FACLR scaling should NOT be applied for NB-IoT NTN vs TN coexistence analysis. 
We believe that a flat modelling without FACLR is still somewhat pessimistic when we consider that the spurious domain for NB-IoT emissions starts from 1.7MHz from the edge of the aggressing channel, and that aggressing UEs further away from the channel edge will likely cause less emissions, but may help faster convergence and verification of coexistence.
Observation 1: NB-IoT TN coexistence studies seemed to use an overly pessimistic modelling by applying FACLR when NB-IoT is aggressing a wideband system.
Observation 2: A flat model without FACLR may still be seen as somewhat pessimistic (when we consider that the spurious domain for NB-IoT emissions starts from 1.7MHz from the edge of the aggressing channel, and that aggressing UEs further away from the channel edge will likely cause less emissions) but may help faster convergence and verification.
Proposal 1: Use a flat UE ACLR model across victim bandwidth without FACLR scaling for case 4 scenario
Verification of UTRA ACLR value
Using a flat model across the victim bandwidth of each victim UE makes it easier to then relate the value to UTRA, e.g. it could be assumed that as the victim bandwidth reduces then the level of interference observed in the victim channel would naturally scale down in the same manner. Therefore, we could consider to take the results of system level simulation for each victim UE and scale that approximately to verify that UTRA ACLR is still achieved.
Proposal 2: Consider the bandwidth scaling of the ACLR observed as required for 35 RBs to the UTRA ACLR measurement bandwidth filter as one possibility to verify the UTRA ACLR requirements. Other approaches are also welcome to be discussed.
3.2	Number of NTN UEs to model
In the first instance, we need to remember that the NTN system is mainly designed for operating in areas where there is no TN coverage, as this is where such deployments make sense from a cost vs benefit perspective. The beam size is also deemed to be quite large, a diameter of 110km for GEO Set 1 parameters in TR36.763/TR38.821/TR38.863, noting that GEO is the worst case for NTN UL aggressor. We should bear this in mind when considering how many UEs are likely to be operating close to the edge of the TN. 
For NR NTN uplink simulations, it was agreed to model 9 aggressing UEs each utilizing 2 RBs within the aggressing NTN channel. The victim channel bandwidth modelled was 20MHz with 15kHz SCS. This was the number of UEs considered to be at the edge of the TN cluster. This means that 17% of the adjacent channel was deemed to be used to operate NTN UEs at the edge of the TN cluster.
In NB-IoT, there is capacity for 12 UEs for 15kHz SCS single-tone, and 48 UEs for 3.75kHz SCS single-tone. Using the same 17% capacity value would lead to a total of 9 out of 48 UEs operating at the edge of the TN cluster. There may be instances where there are some more UEs, but we believe that 9-18 UEs operating single tone with 3.75kHz would be a reasonable range to consider.  
Observation 3: The equivalent number of NB-IoT UEs compared to those used in the NR NTN channel, would be no more than 9 UEs. Something in the range of 9-18 NB-IoT UEs seems a reasonable number to consider.
Proposal 3: In terms of number of NTN UEs to model in uplink at the TN cluster edge, agree a value of 18 UEs for 3.75kHz SCS.
4. Outstanding issues for DL (case 1) modelling
In the downlink case 1, consideration of an isolation distance of 1.5km from the TN cluster edge seems most appropriate, as it seems that the UE would be in downlink TN coverage beyond this point. Our coexistence simulation results in [2] showed that with such an isolation distance there should be no UE ACS issue for coexistence.
Note: One may consider that a 1.5km isolation distance could also be considered for UL for that same reason if the UE may be naturally blocked from connecting to the NTN in downlink less than this distance to the TN cluster.
Differently to case 4, we believe that FACLR scaling should be applied here because the ACLR falling into the victim bandwidth would be reduced by a factor of 20MHz/180kHz = 20dB.
Proposal 4: For case 1 scenario apply 1.5km isolation distance for victim UE, and FACLR scaling in downlink.
5. UE ACLR/ACS/MPR/SEM requirement values de-coupling
At RAN4#104-e, we submitted some results in [2] that we considered to verify that there was no coexistence issue for NB-IoT NTN vs TN.
While we agree that some further coexistence studies are useful to verify that there are no major issues, we also believe that the ability to take advantage of the existing NB-IoT device economies of scale is key to the success of IoT NTN, and this means the ability to take advantage of the reuse of existing NB-IoT TN designs as much as possible. 
Therefore, we believe that it would be reasonable already now to take a decision to “de-couple” the agreement on NTN UE ACLR/ACS/MPR/SEM from the outcome of any further coexistence analysis. Also, it should be noted that there are other mechanisms available to support coexistence if required, without impacting UE ACLR/ACS requirements.
Proposal 5: Agree to reuse the existing NB-IoT UE ACLR/ACS/MPR/SEM requirement for NB-IoT NTN.
6. Conclusion and Proposals
The following is concluded/proposed:
Observation 1: NB-IoT TN coexistence studies seemed to use an overly pessimistic modelling by applying FACLR when NB-IoT is aggressing a wideband system.
Observation 2: A flat model without FACLR may still be seen as somewhat pessimistic (when we consider that the spurious domain for NB-IoT emissions starts from 1.7MHz from the edge of the aggressing channel, and that aggressing UEs further away from the channel edge will likely cause less emissions) but may help faster convergence and verification.
Proposal 1: Use a flat UE ACLR model across victim bandwidth without FACLR scaling for case 4 scenario
Proposal 2: Consider the bandwidth scaling from 35 RBs to the UTRA ACLR measurement bandwidth filter as one possibility to verify the UTRA ACLR requirements. 
Observation 3: The equivalent number of NB-IoT UEs compared to those used in the NR NTN channel, would be no more than 9 UEs. Something in the range of 9-18 NB-IoT UEs seems a reasonable number to consider.
Proposal 3: In terms of number of NTN UEs to model in uplink at the TN cluster edge, agree a value of 18 UEs for 3.75kHz SCS.
Proposal 4: For case 1 scenario apply 1.5km isolation distance for victim UE, and FACLR scaling in downlink.
Proposal 5: Agree to reuse the existing NB-IoT UE ACLR/ACS/MPR/SEM requirement for NB-IoT UE over NTN.
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