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Introduction
In RAN4#98e in has been agreed:
· Include S-band, L-band as exemplary bands for FR1 
· Using S-band frequency range i.e. 2GHz for co-existence simulation in FR1
· At least one of above bands RF requirements completed, then Rel-17 NTN WI, RF requirements for FR1 can be considered as completed. 
· Baseline/Starting point of simulation assumptions. 
· Use Satellite and UE parameters as well as network deployment assumptions in TR 38.821 as the starting point for FR1 coexistence study. 
· ITU-R studies would also be used as inputs.
· NTN UE parameters
· Handheld UEs for FR1.
· TN UE parameters
· The existing RF requirements (i.e. ACS and ACLR for both BS and UE) of TN in the spec (i.e. TS 38.104 and 38.101) shall be reused when doing the coexistence study between NTN and TN.
Moreover, it has been agreed (RAN4#98e agreement):
TN-NTN coexistence scenarios in adjacent bands
	No.
	Frq.
	TN
	TN scenario
	NTN

	1
	2GHz
	NR
	Rural
	GEO

	2
	2GHz
	NR
	Rural
	LEO 600km

	3
	2GHz
	NR
	Rural
	LEO 1200km

	4
	2GHz
	NR
	Urban macro
	GEO

	5
	2GHz
	NR
	Urban macro
	LEO 600km

	6
	2GHz
	NR
	Urban macro
	LEO 1200km

	7
	2GHz
	NR
	Rural
	HAPS

	8
	2GHz
	NR
	Urban macro
	HAPS


NTN-NTN coexistence scenarios in adjacent bands
	No.
	Frq.
	NTN
	NTN

	1
	2GHz
	GEO
	GEO

	2
	2GHz
	GEO
	LEO 600km

	3
	2GHz
	LEO 600km
	LEO 600km

	4
	2GHz
	LEO 1200km
	LEO 1200km

	5
	2GHz
	HAPS
	HAPS



RAN4 further agreed to take following scenarios for initial simulation alignment purpose in Q2 2021:
· TN deployment: NR only with Rural, Urban Macro
· NTN deployment: GEO, LEO-600, LEO-1200, HAPS 
· Satellite Set: Set1 
The goal of this contribution is therefore to further clarify coexistence scenarios and simulation parameters for S-band in FR1.
[bookmark: _Toc493127338]S-band coexistence scenarios
R4-2103998 (revised from R4-2103965) on FR1 simulation assumption for NTN co-existence study (RAN4#98e) shows in Table 2.1-2 the following aggressor and victim combination list:

	No.
	Combination
	Aggressor
	Victim
	Notes

	1
	TN with NTN
	TN DL
	NTN DL
	

	2
	TN with NTN
	TN UL
	NTN UL
	

	3
	TN with NTN
	NTN DL
	TN DL
	

	4
	TN with NTN
	NTN UL
	TN UL
	

	5
	TN with NTN
	NTN UL
	TN DL
	Applicable for satellite operating in S band, e.g. coexistence with Band 34 TDD. 

	6
	TN with NTN
	TN DL
	NTN UL
	Applicable for satellite operating in S band, e.g. coexistence with Band 34 TDD. 

	7, 8
	NTN with NTN
	NTN DL
	NTN DL
	LEO-LEO or GEO-GEO

	
	
	NTN UL
	NTN UL
	LEO-LEO or GEO-GEO



As already explained in contribution R4-2015915, and showed on Figure 1, the identified MSS band (1980-2010 MHz and 2170-2200 MHz) are already part of 3GPP band 65 and band n65. According to TR 38.819, the 3GPP bands nearby to band n65, when addressing co-existence aspects are bands 1 and 34 as shown in Figure 2. Band 1 is allocated to MS in both Region 1 and 3, while Band 34 is allocated in Region 3.
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Figure 1: 3GPP bands nearby the S band allocated to Mobile Satellite Services
As an exemplary band for RAN4 KPI evaluation, we suggest considering the MSS band which is the upper band part of the band n65 e.g. 1980-2010 MHz for UL (which is a common part for all regions) and 2170-2200 MHz for DL (which is a common part for all regions). Note that 2000-2020 MHz for UL and 2180-2200 MHz bands for DL are allocated by FCC for MS and MSS use in US (and Canada).

In Figure 2 below, is represented a more complete set of NTN MSS S-band potential coexistence scenarios with TN in adjacent bands. Some of coexistence scenarios could be grouped together and RAN4 could consider only the most representative ones.
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Figure 2: 3GPP bands that could be considered for adjacent channel coexistence with MSS NTN
As showed on Figure 2, some of the networks neighbor with MSS band are FDD and some of them TDD.
Moreover, taking into account potential coexistence scenarios in S-band, the previous table (with the aggressor and victim combination list) should be further revised into:
Table 1. Aggressor and victim scenarios for NTN-NTN/TN co-existence
	No.
	Combination


	Aggressor


	Victim


	Comment
	5G bands potentially considered for coexistence in adjacent channels with MSS S-Band 
(1980-2010 MHz for UL; 2170-2200 MHz for DL)

	1.
(i1)
	TN with NTN

	TN DL

	NTN DL

	Coexistence with FDD band.
	n1, n65; b23; b4, b10, n66 

	2.
(i2)
	TN with NTN

	TN UL

	NTN UL

	Coexistence with FDD band.
	n1, n65; b23; (n2, n25); n70

	3.
(i3)
	TN with NTN

	NTN DL

	TN DL

	Coexistence with FDD band.
	n1, n65; b23; b4, b10, n66, see note

	4.
(i4)
	TN with NTN





	NTN UL





	TN UL





	Coexistence with FDD band.
	n1, n65; b23; (n2, n25); n70, see note
Remark: This scenario should be deprioritized since NTN-TN UL coexistence in adjacent bands is similar to already existent TN-TN UL coexistence in adjacent bands

	5.
(i5)
	TN with NTN



	NTN UL



	TN DL



	Applicable for satellite operating in S band, e.g. coexistence with Band 34 TDD. 
	n34, (n39)

	6.
(i6)
	TN with NTN



	TN DL



	NTN UL



	Applicable for satellite operating in S band, e.g. coexistence with Band 34 TDD. 
	n34, (n39)

	7.
	NTN with NTN


	NTN DL



	NTN DL



	LEO-LEO or 
GEO-GEO or 
GEO-LEO600 or 
HAPS-HAPS
	NTN MSS S-Band 5MHz with adjacent NTN MSS S-Band 5 MHz

	8.
	NTN with NTN


	NTN UL



	NTN UL



	LEO-LEO or 
GEO-GEO or 
GEO-LEO600 or 
HAPS-HAPS
	NTN MSS S-Band 5MHz with adjacent NTN MSS S-Band 5 MHz


Note: n1 and S-Band is a family of n65.

Figure 3 shows S-band NTN-TN adjacent band coexistence scenarios with TN in FDD mode (scenarios that have also been included in Table 1), where interference types i1, i2, i3 and i4 from Table 1 are represented:
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Figure 3: S-band NTN-TN adjacent band coexistence scenarios with TN in FDD mode
We should also note that interference type i4 (NTN UL – TN UL) should not be considered for coexistence scenarios in adjacent bands since is very similar to current TN UL - TN UL coexistence. 
Proposal 1: RAN4 shall remove from S-band coexistence scenarios the combination TN-NTN with FDD NTN UL to FDD TN UL.
Moreover, Figure 4 is showing S-band NTN-TN adjacent band coexistence scenarios with TN in TDD mode (not all scenarios are considered because UL TN TDD is located far away from DL NTN FDD), where interference types i5 and i6 from Table 1 are represented:
[image: ]
Figure 4: S-band NTN-TN adjacent band coexistence scenarios with TN in FDD mode
On top of this RAN4 has also considered 2 additional coexistence scenarios for HAPS in adjacent bands, and a different set of combinations as expressed below (as per RAN4#98e decision):
Table 2. TN-NTN coexistence scenarios in adjacent bands
	No.
	Frq.
	TN
	TN scenario
	NTN

	1
	2GHz
	NR
	Rural
	GEO

	2
	2GHz
	NR
	Rural
	LEO 600km

	3
	2GHz
	NR
	Rural
	LEO 1200km

	4
	2GHz
	NR
	Urban macro
	GEO

	5
	2GHz
	NR
	Urban macro
	LEO 600km

	6
	2GHz
	NR
	Urban macro
	LEO 1200km

	7
	2GHz
	NR
	Rural
	HAPS

	8
	2GHz
	NR
	Urban macro
	HAPS


Table 3. NTN-NTN coexistence scenarios in adjacent bands
	No.
	Frq.
	NTN
	NTN

	1
	2GHz
	GEO
	GEO

	2
	2GHz
	GEO
	LEO 600km

	3
	2GHz
	LEO 600km
	LEO 600km

	4
	2GHz
	LEO 1200km
	LEO 1200km

	5
	2GHz
	HAPS
	HAPS



RAN4 should further considering down-scoping coexistence studies from these scenarios. If we gather all the previous information into a single table, we will find that at least for FR1 S-band we would have:
	Combination
	Aggressor
	Victim
	Number of scenarios

	TN with NTN
	TN DL
	NTN DL
	At least 8

	TN with NTN
	TN UL
	NTN UL
	At least 8

	TN with NTN
	NTN DL
	TN DL
	At least 8

	TN with NTN
	NTN UL
	TN UL
	At least 8

	TN with NTN
	NTN UL
	TN DL
	At least 8

	TN with NTN
	TN DL
	NTN UL
	At least 8

	NTN with NTN
	NTN DL
	NTN DL
	At least 5

	NTN with NTN
	NTN UL
	NTN UL
	At least 5

	Total number of scenarios FR1 S-band
	
	Around 58



Observation 1: For S-band there are currently around 58 scenarios to be considered for simulations required for coexistence studies in adjacent bands, and 50 if we do not consider NTN UL (aggressor) to TN UL (victim) with 8 potential combinations.
Proposal 2: RAN4 should further considering down-scoping coexistence studies from existent proposed NTN-TN and/or NTN-NTN coexistence in adjacent bands.
Proposal 3: Coexistence simulations in adjacent bands should consider a dedicated TR (similar to e.g. TR 38.803).
Moreover, NTN-NTN coexistence scenarios are largely well documented by ITU-R radio regulations.  Furthermore, the following considerations should be taken into account:
· NTN-NTN coexistence scenarios involve almost exclusively co-channel coexistence;
· Coexistence is guaranteed by spatial separation. Operators occupy the same or partly overlapping frequency ranges, but different orbital slots or orbital trajectories. There are different co-existence mechanisms between GSO and NGSO, but the overarching principle remains the same.
For these above-mentioned reasons, it does not make much sense to prioritize NTN-NTN adjacent channel coexistence. RAN4 should prioritize NTN-TN adjacent channel coexistence for S-band and/or deprioritize NTN-NTN adjacent channel coexistence for S-band.
Proposal 4: RAN4 should prioritize NTN-TN adjacent channel coexistence for S-band.
Moreover, coexistence with FDD TN scenarios in S-band for both LEO@600km and GEO should also be further prioritized.
Proposal 5: RAN4 should prioritize FDD TN adjacent channel coexistence for S-band.
Proposal 6: RAN4 should prioritize LEO@600km and GEO scenarios.
Observation 2: If prioritization decisions are made, this may further help to further reduce the number of adjacent channel coexistence scenarios for S-band to a lower number, as represented below:
	Combination
	Aggressor
	Victim
	Number of scenarios

	TN with NTN
	TN DL
	NTN DL
	At least 6

	TN with NTN
	TN UL
	NTN UL
	At least 6

	TN with NTN
	NTN DL
	TN DL
	At least 6

	Total number of scenarios FR1 S-band
	
	Around 18



Observation 3: Finally, if HAPS is excluded from Satellite coexistence scenarios analysis (since not a satellite), than for satellite coexistence cases only 12 scenarios will be relevant, which is a reasonable assumption from the simulations point of view.
	Combination
	Aggressor
	Victim
	Number of scenarios

	TN with NTN
	TN DL
	NTN DL
	At least 4

	TN with NTN
	TN UL
	NTN UL
	At least 4

	TN with NTN
	NTN DL
	TN DL
	At least 4

	Total number of scenarios FR1 S-band
	
	Around 12



S-band updates on simulation results
Simulation results provided in R4-2101859 (with Set-1 of satellite parameters for S-band with LEO@600km) have been further updated with CDF values in DL and UL.
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Figure 5: SNR CDF in DL per Cell
The intermediate simulation results show for DL that (depending on the cell position), 90% of the users are experiencing SNR values above 15 dB (please see Figure 5).
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Figure 6:  SNR CDF in UL per Cell
The intermediate simulation results show for UL that (depending on the cell position), 90% of the users are experiencing SNR values above -6 dBs (please see Figure 6).
Proposal 7: RAN4 should use CDF to determine SNR values experienced by most of the users.

On the other hand, the signal strength received from LEO@600km is higher than in the case of LEO@1200km. From the point of view of the coexistence scenarios, LEO@600km therefore represents an extreme case (with higher induced interference to TN, but also higher received interference from TN). RAN4 should further prioritize worst cases for coexistence scenarios analysis, and for this reason, and with respect to the results obtained in the Figures 5 and 6 (LEO@600km, Set-1), we would like to recall again Proposal 6:
Proposal 6: RAN4 should prioritize LEO@600km and GEO scenarios.
LEO@1200km scenario does not present any material difference from LEO@600km, and it can be further de-scoped, and therefore the number of considered scenarios can be further reduced accordingly.
Conclusions
Proposal 1: RAN4 shall remove from S-band coexistence scenarios the combination TN-NTN with FDD NTN UL to FDD TN UL.
Observation 1: For S-band there are currently around 58 scenarios to be considered for simulations required for coexistence studies in adjacent bands, and 50 if we do not consider NTN UL (aggressor) to TN UL (victim) with 8 potential combinations.
Proposal 2: RAN4 should further considering down-scoping coexistence studies from existent proposed NTN-TN and/or NTN-NTN coexistence in adjacent bands.
Proposal 3: coexistence simulations in adjacent bands should consider a dedicated TR (similar to e.g. TR 38.803).
Proposal 4: RAN4 should use CDF to determine SNR values experienced by most of the users.
Proposal 5: RAN4 should prioritize FDD TN adjacent channel coexistence for S-band.
Proposal 6: RAN4 should prioritize LEO@600km and GEO scenarios.
Proposal 7: RAN4 should use CDF to determine SNR values experienced by most of the users.
Observation 2: These decisions may further help to further reduce the number of adjacent channel coexistence scenarios for S-band to a lower number, as represented below:
	Combination
	Aggressor
	Victim
	Number of scenarios

	TN with NTN
	TN DL
	NTN DL
	At least 6

	TN with NTN
	TN UL
	NTN UL
	At least 6

	TN with NTN
	NTN DL
	TN DL
	At least 6

	Total number of scenarios FR1 S-band
	
	Around 18





Observation 3: Finally, if HAPS is excluded from Satellite coexistence scenarios analysis (since not a satellite), than for satellite coexistence cases only 12 scenarios will be relevant, which is a reasonable assumption from the simulations point of view.
	Combination
	Aggressor
	Victim
	Number of scenarios

	TN with NTN
	TN DL
	NTN DL
	At least 4

	TN with NTN
	TN UL
	NTN UL
	At least 4

	TN with NTN
	NTN DL
	TN DL
	At least 4

	Total number of scenarios FR1 S-band
	
	Around 12
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