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1	Introduction
At RAN5#102 the satellite ephemeris information for NGSO testing has been finalised. It has been concluded that a static signalling test environment will be used for a testing implying a constant delay and a constant Doppler shift, on a per-NTN-cell basis. In due the Table 6.3.5.2-1 in TS 36.508 has been updated accordingly.
As a result of the above, the current NB-IoT NTN test model that is used in GSO scenario can be further applied for testing NGSO scenario, if extended with a frequency Doppler shift parameter.

2	ASP Proposal
2.1 Changes to enable non-zero Doppler configuration
Extend existing NB_NTN_Config_Type:
[bookmark: _Hlk163563613][bookmark: _Hlk139011401]NB_NTN_Config_Type
	TTCN-3 Record Type

	[bookmark: NB_NTN_Config_Type]Name
	NB_NTN_Config_Type

	Comment
	Parameters needed for NTN operation.

	NtnTimingOffset
	NB_NTN_TimingOffset_Type
	opt
	to configure PHY/MAC layers with NTN parameters Koffset and Kmac needed for NTN operation. See clause 7A.14.2.3 for further information.

	NtnFrequencyDopplerShift
	integer
	opt
	to configure service link with a constant frequency Doppler shift. The unit is ppm (parts per million), actual value = field value*10^-5. See clause 7A.14.2.3 for further information.







3	Test Model Proposal (TS 36.523-3)
The NB-IoT Test Model description needs to be updated to also cover the NGSO scenario test environment. 

----------------------------------------------------------------------------------
7A.14	Non-Terrestrial Network (NTN)
7A.14.1	NTN cell configuration
An NB-IoT cell to be used in a Non-Terrestrial Network (NTN) test environment is an NB-IoT cell that is broadcasting a system information block combination, defined in TS 36.508 [3] clause 8.1.4.3.1.1, that contains SystemInformationBlockType31-NB (SIB31-NB). It is called an NB-IoT NTN cell.
In addition to that, an NB-IoT NTN cell shall be configured in SIB1-NB as "barred" in cellAccessRelatedInfo-r13 IE and as "notBarred" in cellAccessRelatedInfo-NTN-r17 IE.
Typically an NTN test case can be executed under one of the following two sub-NTN test environments:
-	the Geosynchronous Orbit (GSO) scenario, or
-	the Non-Geosynchronous Orbit (NGSO) scenario.
When a GSO scenario is simulated, TTCN implementation is responsible for maintaining the system information up-to-date (including SIB31-NB) and to ensure that the updated system information is being broadcast in the NB-IoT NTN cell before the timer T317 expires at UE.
NOTE:	The NGSO test model is FFS in the present version of this specification.
7A.14.2	NTN timing considerations
7A.14.2.1	General
DL and UL are frame aligned at the UL time synchronization reference point (RP). To accommodate the long propagation delays in NTN, the timing relationships are defined using a Common Timing Advance (Common TA) and two offsets: Koffset and Kmac, with Koffset ≥ TTA.
The various NTN timing relationships are illustrated in Figure 7A.14.2.1-1. 



Figure 7A.14.2.1-1: NTN timing relationship parameters

7A.14.2.2	NTN timing advance
The Timing Advance (TA) formula, specified in TS 36.211 [35] clause 8.1, can be summarized as follows: 
TTA = TTA,legacy + TTA,NTN
TTA,NTN = TTA,common + TTA,UE-specific
with:
-	TTA,legacy = (NTA + NTA,offset) * Ts: the (legacy) part of the TA formula that applies also to Terrestrial Networks,  
-	TTA,common =  * Ts: the Common TA between the RP and the NTN payload, 
-	TTA,UE-specific =  * Ts: the TA corresponding to the service link delay. 
The GSO NTN test environment in TS 36.508 [3] specifies that both the serving satellite (NTN payload) and the UE under test have a static position during the lifetime of a test case execution. Therefore, the corresponding TTA is also static for a given NTN cell. TTCN provides to the SS the following inputs to enable the SS to calculate TTA: 
Table 7A.14.2.2-1: NTN timing advance - input parameters
	TTA element
	Associated parameter(s)
	Relationship

	(in sec)
	Protocol parameter
	ASP field
	(TS 36.213 [30] clause 16.1.2)

	TTA,legacy

	

	InitialValue
integer (0..2047)
	NTA = InitialValue * 16

	TTA,common
	
	NtnCommonTA
integer (0..8316827)
	See below.

	TTA,UE-specific
	
	NtnUeSpecificTA
integer (0..8316827)
	NtnUeSpecificTA
See below.

	NOTE:	The time unit TS is defined in TS 36.211 [35] clause 4.



From the nta-CommonParameters-17 specified in TS 36.331 [19], only the value of nta-Common-r17 is defined in TS 36.508 [3] SIB31-NB for the GSO and NGSO scenarios. TTCN will forward this value to the SS as NtnCommonTA for the calculation by the SS of  according to the formula given in TS 36.213 [30] clause 16.1.2.
NOTE:	For the GSO scenario itIt is assumed that the SS uses the calculation:  = NtnCommonTA.
 is calculated using the GSO NTN serving satellite static position specified in TS 36.508 [3] SIB31-NB's ephemeris data and the UE static position specified in TS 36.508 [3] clause 4.13. The end result is provided to the SS by TTCN. The calculation is provided hereafter: 
The two-way propagation delay in sec between the GSO NTN serving satellite and the non-moving UE is assumed to be constant at any time and is calculated according to the formula:

where c is the speed of light (299792458 m/sec) and d is the distance in meters between the serving satellite and the UE.
For two points in Euclidian geometry d in meters is derived by:

with
	
 

and
	, ,  being serving satellite coordinates, in m
	, ,  being UE coordinates, in m
To use above formulas the positioning data provided in TS 36.508 [3] is first converted to the coordinates accordingly.
Example of the calculation of :
	given UE latitude 25.08439333 and positionX-r17 of -16976014:
[bookmark: _Hlk132363787]	-16976014* 1.3 m = -22068818.2 m
	-3025296.94 m
	
Following the above calculations, the final value t for a GSO scenario results in 0.24338972709427653 sec that yields  to have a value of 7476932.416336175, that is rounded to 7476932.
For a NGSO scenario, the calculated final value of t results in 0.004062662259880647 sec and a corresponding  has a value of 124804.98462353348. The last one is rounded to 124805.
7A.14.2.3	NTN scheduling offsets
The NTN timing parameters listed in Table 7A.14.2.3-1 come into play when scheduling data in an NTN cell.
Table 7A.14.2.3-1: NTN timing parameters in an NTN cell
	NTN timing parameter
	Definition
	Reference

	DLoffset
	Koffset + Kmac
	TS 36.321 [16] clause 7.7

	UE-eNB RTT
	TTA + Kmac
	TS 36.321 [16] clause 3.1

	Kmac
	k-Mac or 0
	TS 36.213 [30] clause 16.6

	Koffset
	k-Offset - Differential Koffset
	TS 36.213 [30] clause 16

	RTToffset
	UE-eNB RTT
	TS 36.321 [16] clause 7.7



TTCN configures the NTN offsets Koffset and Kmac in the SS as part of the NTN cell configuration. The SS shall use those parameters to adjust the timing & scheduling of DL & UL transmissions specified in clauses 7A.4, 7A.5 and 7A.6 as follows:
-	Table 7A.4.1-1: Timing of random access procedure
	tdelay1
	 3ms + UE-eNB RTT
	according to TS 36.321 [16] clause 5.1.4.

	tdelay3
	 12ms + Koffset
	according to TS 36.213 [30] clause 16.5.1.

	tdelay4
	 3ms + UE-eNB RTT
	according to TS 36.321 [16] clause 5.1.5.

	tdelay5
	DL:  13ms 
UL:  13ms + Koffset
	depending on whether UL or DL transmission follows, see below.



-	Table 7A.4.2-1: Timing of uplink transmissions
	tdelay1
	 8ms + Koffset
	according to TS 36.213 [30] clause 16.5.1.

	tdelay2
	 3ms + RTToffset
	according to TS 36.321 [16] clause 7.7.



-	Table 7A.4.3-1: Timing of downlink transmissions
	tdelay2
	 12ms + Koffset
	according to TS 36.213 [30] clause 16.4.2.



-	Table 7A.4.4-1: Uplink transmissions
-	The end of the period during which NPDCCH is not monitored by the UE is n1+Kmac+3: according to TS 36.213 [30] clause 16.6.
In addition to the NTN timing parameters referenced in Table 7A.14.2.3-1, the following NTN timing parameters are defined in the present specification for the purpose of conformance testing: 
-	TNTN,offset = DLoffset
-	NPDCCH period bundle:
-	in a Terrestrial Networks (TN) test environment: 
-	NPDCCH period bundle = NPDCCH period
-	in a Non Terrestrial Networks (NTN) test environment: 
-	NPDCCH period bundle = CEIL(TNTN,offset / NPDCCH period) * NPDCCH period + NPDCCH period
7A.14.2.4	RRC connection release sequence
The sequence specified in clause 7A.7 applies, with the following differences: 
TTCN schedules the RRC connection release sequence at time T being at least TNTN,offset in advance:
2.	At T + 1 NPDCCH period bundle:
Scheduling of UL grants for search space cycle starting at (T + 1 NPDCCH period bundle) and four subsequent cycles
3.	At T + 1 NPDCCH period bundle + 16ms
4.	At T + 1 NPDCCH period bundle + 32ms
7A.14.3	NTN frequency considerations
For the NGSO scenario, according to TS 36.508 [3] clause 6.3.5.2, for each configured NB-IoT NTN cell, a constant frequency Doppler shift is applied.
Once TTCN has configured in the SS an NB-IoT NTN cell with a constant frequency Doppler shift, the SS shall alter the operating carrier frequency of this cell (EARFCN) by the value of this shift.
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