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Introduction
In RAN#95e meeting, the work item [RP-221556] on NB-IoT/eMTC core & performance requirements for NTN was approved as one of Rel-18 RAN4 package. During the last RAN4 meeting, we have reached good consensus on SAN RF requirements for IoT over NTN, however there are still some remaining issues left for further discussions. In this contribution,we we want to share some further considerations on these issues.
	Requirement
	Requirement clause of 36.108
	Updates to support SA NB-IoT
	Updates to support SA Cat-M1

	DL RS power
	Not exist
	DL RS power was E-UTRA specific. Motivation and the requirement value to be discussed next meeting. 
	DL RS power was E-UTRA specific. Motivation and the requirement value to be discussed next meeting.

	ACLR
	6.6.3
	Depend on co-existing discussion/simulation 
	Depend on co-existing discussion/simulation 

	Operating band unwanted emissions
	6.6.4
	Depend on co-existing discussion/simulation
	Depend on co-existing discussion/simulation

	Dynamic range 
	7.3
	· Add NB-IoT channel BW
· For GEO,  to follow the same agreement without requirement defined.
· For LEO,
· Reuse the same FRC and SNR for standalone NB-IoT  
· Reuse the NF for NR over NTN. e.g. 7.4dB for GEO and 4.3dB for LEO
· FFS for IoT Level for IoT over NTN
· Ruse the implementation margin as 2.5dB;
	Add 1.4MHz channel BW
For GEO,  to follow the same agreement without requirement defined.
For LEO,
· Reuse the same FRC A2-1 and SNR for 1.4MHz LTE BW  
· Reuse the NF for NR over NTN. e.g. 7.4dB for GEO and 4.3dB for LEO
· Reuse IoT 15dB for NR over NTN
· Ruse the implementation margin as 2.5dB;


	ACS 
	7.4.1
	Depend on co-existing simulation 
	Depend on co-existing simulation


[bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK20][bookmark: OLE_LINK14]Discussion  
2.1. DL RS power
DL RS power accuracy requirement was introduced in UTRA for CPICH channel from UE demod perspective and this requirement was inherited for E-UTRA DL RS power accuracy, however during the Rel-15 NR work item phase, this requirement was removed with the confirmation from UE vendors, therefore the practical usage of this requirement might be not so strong. Based on the previous discussions, we are open for the discussion of its necessity. If UE chipset vendors have strong interest to include this requirement for SAN RF and then we propose to reuse the existing requirement from LTE BS.
Proposal 1: to reuse the existing requirement from LTE BS if UE chipset vendors have strong preference/interest to include this requirement for SAN RF.
2.2. ACLR/ACS
For SAN DL ACLR requirement, it is mainly dependent on the coexistence case 3. In case 3, NTN SAN DL transmission would cause the interference to TN UE. The effective ACLR of NTN SAN is according to the section 6.3 of TR 36.802[3]. The initial simulation result is shown as the following table. 
	Case 3
	ACLR [dB]
	0
	5
	10
	15
	20
	25
	30
	35

	GEO_Rural
TN_AAS_DL
	Average throughput loss
	22.88
	10.10
	3.80
	1.25
	0.41
	0.13
	0.05
	0.01

	
	Cell edge through loss
	31.78
	13.49
	4.91
	1.49
	0.50
	0.16
	0.05
	0.02

	GEO_Rural
TN_non_AAS_DL
	Average throughput loss
	31.09
	13.88
	5.25
	1.80
	0.60
	0.15
	0.06
	0.01

	
	Cell edge through loss
	53.77
	26.93
	10.44
	3.41
	0.89
	0.29
	0.11
	0.05

	GEO_Urban_macro
TN_AAS_DL
	Average throughput loss
	0.24
	0.09
	0.04
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Cell edge through loss
	0.04
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	GEO_Urban_macro
TN_non_AAS_DL
	Average throughput loss
	0.28
	0.08
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00

	
	Cell edge through loss
	0.23
	0.19
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00

	LEO600KM_Rural
TN_AAS_DL
	Average throughput loss
	65.07
	43.80
	24.39
	10.97
	4.16
	1.39
	0.44
	0.15

	
	Cell edge through loss
	84.35
	62.85
	34.10
	13.73
	4.78
	1.44
	0.52
	0.14

	LEO600KM_Rural
TN_non_AAS_DL
	Average throughput loss
	81.39
	59.52
	33.93
	15.03
	5.71
	1.83
	0.50
	0.17

	
	Cell edge through loss
	100.00
	100.00
	57.48
	29.79
	11.85
	4.23
	1.39
	0.42

	LEO600KM
Urban_macro
TN_AAS_DL
	Average throughput loss
	2.47
	0.84
	0.28
	0.13
	0.04
	0.02
	0.00
	0.00

	
	Cell edge through loss
	1.32
	0.40
	0.17
	0.08
	0.05
	0.00
	0.00
	0.00

	LEO600KM
Urban_macro
TN_non_AAS_DL
	Average throughput loss
	2.58
	0.86
	0.33
	0.14
	0.05
	0.02
	0.00
	0.00

	
	Cell edge through loss
	3.89
	0.91
	0.05
	0.01
	0.00
	0.00
	0.00
	0.00

	LEO1200KM_Rural
TN_AAS_DL
	Average throughput loss
	65.02
	43.60
	24.52
	11.09
	4.36
	1.53
	0.43
	0.17

	
	Cell edge through loss
	84.37
	62.61
	34.51
	14.18
	4.92
	1.69
	0.45
	0.14

	LEO1200KM_Rural
TN_non_AAS_DL
	Average throughput loss
	81.37
	59.34
	33.96
	15.14
	5.52
	1.95
	0.64
	0.18

	
	Cell edge through loss
	100.00
	100.00
	57.16
	29.37
	11.36
	3.94
	1.41
	0.48

	LEO1200KM
Urban_macro
TN_AAS_DL
	Average throughput loss
	2.34
	0.82
	0.29
	0.08
	0.02
	0.01
	0.00
	0.00

	
	Cell edge through loss
	0.91
	0.21
	0.05
	0.01
	0.00
	0.00
	0.00
	0.00

	LEO1200KM
Urban_macro
TN_non_AAS_DL
	Average throughput loss
	2.87
	0.96
	0.27
	0.11
	0.03
	0.01
	0.00
	0.00

	
	Cell edge through loss
	3.96
	0.81
	0.10
	0.02
	0.00
	0.00
	0.00
	0.00


For ACS requirement for SAN supporting IoT over NTN, this still depends on the simulation results for Case 2 and Case 6, more simulation results would be provided for more concrete proposals for SAN Rx ACS requirements.
Proposal 2: to define ACLR as 24dB for LEO SAN class and ACLR as 14dB for GEO SAN class without 100kHz frequency gap next to 1s adjacent carriers.
2.3. SAN DL UEM
Based on the simulation results for coexistence scenario 2 and initial proposal 2 for SAN ACLR requirement, we think that the existing NR SAN OBUE requirement could be also applicable for IoT over NTN SAN. Basically we have two reasons to support this proposal. Firstly, the ACLR requirement for SAN supporting IoT over NTN could be the same as that of SAN supporting NR over NTN. Secondly, OBUE requirement is somehow bandwidth agnostic defined, in other words, this OBUE requirement could be also scaled to 200kHz for IoT over NTN and 1.4MHz for eMTC over NTN.
Table 6.6.4.2-1: SAN LEO and GEO Classes OBUE basic limits
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits
(dBm)

	Measurement bandwidth

	0 MHz  f < 2× BWChannel
	0.002 MHz  f_offset < 2× BWChannel + 0.002 MHz
	
	4kHz

	NOTE 1: PSDchannel = Prated,c – 10log10(BWChannel) – 24, unit dBm/4kHz.
NOTE 2: SE limit is spurious emission limit specified in spurious emission clause 6.6.5.
NOTE 3: PSD attenuation as in ITU-R SM.1541-6 [9], Annex 5 OoB domain emission limits for space services.
NOTE 4: =0 dB for GEO class and =3 dB for LEO class.



Proposal 3: to reuse the existing NR SAN OBUE requirement for IoT over NTN SAN OBUE requirements
2.3. IoT level for dynamic range requirement for NB-IoT over NTN
Similar as Rel-17 NTN SAN, legacy LTE BS dynamic range requirement and FR2 BS dynamic range requirement discussion, we need to check the IoT level in different NTN deployment scenarios and the initial simulation results are shown in the following Figure 1/2/3/4/5/6. Based on the simulation results obtained so far, it could be found that IoT level@95% CDF for different deployment scenarios are also varying. The details of IoT level in the different deployment scenarios are summarized in the following table.
[image: ]
Figure 1a. IoT leve1 in GEO Rural scenario
[image: ]
Figure 1b. IoT level in GEO Urban macro scenario 
[image: ]
Figure 1c. IoT leve1 in GEO Rural scenario with single tone 15kHz 
[image: ]
Figure 1d. IoT level in GEO Urban macro scenario with single tone 15kHz
[image: ]

Figure 1e. IoT leve1 in GEO Rural scenario with single tone 3.75kHz 
[image: ]
Figure 1f. IoT level in GEO Urban macro scenario with single tone 3.75kHz


Figure 2a. IoT leve1 in LEO1200km Rural scenario

Figure 2b. IoT level in LEO1200km Urban macro scenario 

Figure 2c. IoT leve1 in LEO1200km Rural scenario with single tone 15kHz 

Figure 2d. IoT level in LEO1200km Urban macro scenario with single tone 15kHz


Figure 2e. IoT leve1 in LEO1200km Rural scenario with single tone 3.75kHz 
[image: ]
Figure 2f. IoT level in LEO1200km Urban macro scenario with single tone 3.75kHz


Figure 3a. IoT leve1 in LEO600km Rural scenario

Figure 3b. IoT level in LEO600km Urban macro scenario 

Figure 3c. IoT leve1 in LEO600km Rural scenario with single tone 15kHz 

Figure 3d. IoT level in LEO600km Urban macro scenario with single tone 15kHz


Figure 3e. IoT leve1 in LEO600km Rural scenario with single tone 3.75kHz 
[image: ]
Figure 3f. IoT level in LEO600km Urban macro scenario with single tone 3.75kHz

Table 1. summarized IoT level for IoT over NTN
	
	Multiple tone
	Single tone 15kHz
	Single tone 3.75kHz
	Recommendation

	GEO Rural scenario
	4.7
	11.2
	18.2
	22

	GEO Urban scenario
	7.0
	~12
	22
	

	LEO1200KM Rural scenario
	
	
	
	24

	LEO1200KM Urban scenario
	
	
	24
	

	LEO600KM Rural scenario
	
	
	
	24

	LEO600KM  Urban scenario
	
	
	24
	


Based on the initial simulation results summarized in the above table 1, it could be found that IoT level as 24dB for both GEO and LEO should be sufficient to test its performance.
It should be noted that we still observe the high IoT level compared for GEO scenario especially for single tone 3.75kHz case which is different from the Rel-17 NR over NTN.
Proposal 4: to agree the IoT level as 24dBc for GEO and LEO dynamic rang requirements.
Conclusions
In this contribution, we want to share some further views on SAN RF requirement for IoT over NTN and proposals are made as following:
Proposal 1: to reuse the existing requirement from LTE BS if UE chipset vendors have strong preference/interest to include this requirement for SAN RF.
Proposal 2: to define ACLR as 24dB for LEO SAN class and ACLR as 14dB for GEO SAN class without 100kHz frequency gap next to 1s adjacent carriers.
Proposal 3: to reuse the existing NR SAN OBUE requirement for IoT over NTN SAN OBUE requirements.
Proposal 4: to agree the IoT level as 24dBc for GEO and LEO dynamic rang requirements.
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