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1	Introduction
There are a number of parameters that have to be fed into the system simulator (SS) to ensure the proper timing and synchronisation with the UE while running non-terrestrial network (NTN) environment with Geosynchronous Orbit (GSO) scenario. 
According to TS 38.213 clause 4.2, to communicate with the NTN serving cell, the UE, apart from the regular timing advance (TA) pre-compensation, will have to pre-compensate the two-way transmission delay on the feeder and on the service links:
·  a two-way transmission delay over the feeder link between the uplink time synchronisation reference point (RP) and the serving satellite (NTN payload). This can be calculated using serving satellite higher-layer ta-Info-r17 that are broadcasted in SIB19-r17.
·  a two-way transmission delay over the service link between the actual UE position and the position of the serving satellite. This can be calculated using serving satellite higher-layer ephemerisInfo-r17 parameters that are broadcasted in SIB19-r17.
For the cases when the UE is configured with the higher layer parameter cellSpecificKoffset, the corresponding value should be taken into account to adjust the timing of the uplink transmissions. This applies for a timing advance command received on uplink slot n and for a transmission other than a PUSCH scheduled by a RAR UL grant or a fallbackRAR UL grant, or a PUCCH with HARQ-ACK information in response to a successRAR.
The other higher-layer parameter, an offset k-mac can be provided to UE for DCI format 1_0 detection as a response to a PRACH or PUSCH transmissions, for maintaining on the RS resources a pathloss estimation for PUSCH/PUCCH/SRS transmissions.
It is expected that network may also prescribe a specific polarisation type on the DL and UL for corresponding transmissions over the service link.
New ASPs should be introduced to enable pre-configuration and re-configuration of the SS with these parameters to synchronise the communication.
2	ASP Proposal
2.1 Timing alignment pre-compensation
For the timing alignment pre-compensation it is proposed to extend the existing NR_SS_TimingAdvanceConfig_Type with a new type:
	type union NR_SS_TimingAdvanceConfig_Type {
    NR_RACH_TimingAdvance_Type     InitialValue,                 /*  initial 12 bit value corresponding to Timing Advance Command field of the Random Access Response (TS 38.321 clause 6.2.3):
                                                                         * value of 0..3846 according to TS 38.213 clause 4.2; 0 in normal cases) */
    NR_TimingAdvanceIndex_Type     Relative,                     /* timing advance command to adjust changes of timing advance acc. to TS 38.213 clause 4.2;
                                                                         * (range acc. 6 bit value: -31..32) */
    NR_NTN_TimingAdvanceConfig_Type	    NtnTA              /* timing adjustment/alignment configuration for NTN operation */
  };



TTCN provides SS with the calculated values of commonTA and UE-specificTA.  NR_NTN_TimingAdvanceConfig_Type is created as a union to enable forward compatibility (e.g. in case dynamic TA handling needs to be introduced in the future).
	  type TA_Info_r17.ta_Common_r17  NR_NTN_T_TA_Type;  /* acc. to TS 38.331 clause 6.3.2 */

  type record NR_NTN_SemistaticTA_Type {  
    NR_RACH_TimingAdvance_Type  InitialValue,   /* initial value corresponding to what is sent to the UE in RACH response; (range acc. 12 bit value; 0 in normal cases) */
    NR_NTN_T_TA_Type            NtnCommonTA,    /* round trip time (RTT) between the UL time synchronisation reference point (RP) and the serving satellite */
    NR_NTN_T_TA_Type            NtnUeSpecificTA /* round trip time (RTT) between the UE and the serving satellite */
  }

  type union NR_NTN_TimingAdvanceConfig_Type {
    NR_NTN_SemistaticTA_Type    Semistatic      /* semi-static configuration of the NTN cell's Timing Advance (TA);
                                                SS shall not autonomously change the value of TA over time;
                                                TTCN may re-configure the TA value */
  }



Similarly to NB-IoT NTN, the real RTT might not be twice the provided value due to the movement of the serving satellite. However due to the simplicity of the current NTN scenarios, factor 2 will be used as a working assumption. 
Current prose status for GSO allows to hard-code TA based on serving satellite location parameters configured in the system information and on the UE position specified in TS 38.508-1 clause 4.5C.1. The calculation of the hard-coded TA will be documented in TS 38.523-3.

2.2 NTN parameters related to the PHY/MAC layers operation
To provide SS with the values of kmac, cellSpecificKoffset  and polarisation information it is proposed to extend NR_CellConfigInfo_Type in a following way:
	type record NR_CellConfigInfo_Type {/* common information for initial cell configuration or reconfiguration;
                                                                           in case of reconfiguration omit means 'keep configuration as it is' */

    NR_SS_StaticCellResourceConfig_Type StaticResourceConfig optional, /* mandatory for the initial configuration; to be omitted afterwards */    
   NR_CellConfigCommon_Type            CellConfigCommon optional, /*common configuration parameters which are not specific to physical layer (or any other layer) */
   NR_CellConfigPhysicalLayer_Type     PhysicalLayer optional, /* Physical layer configuration: physical channels, signals and BWPs for UL and DL; DCI  */
    //--------------------------------------------------------------------------
   NR_BcchConfig_Type                  BcchConfig optional, /*  configuration of BCCH/BCH; SS is triggered to configure RLC/MAC accordingly;
                                                                         * BCCH data on the PDSCH is distinguished by the SI-RNTI
                                                                         * PBCH: MIB;
                                                                         * PDSCH: scheduling and resource allocation; SIBs*/
   NR_PcchConfig_Type                  PcchConfig optional, /* configuration of PCCH/PCH; SS is triggered to configure RLC/MAC accordingly;
                                                                         * PCCH data on the PDSCH is distinguished by the P-RNTI
                                                                         * (needed even to modify SI => shall be configured for CELL_BROADCASTING)*/
    //--------------------------------------------------------------------------
   //MAC: RACH procedure
    NR_RachProcedureConfig_Type         RachProcedureConfig optional, /* to configure the SS's behaviour for the RACH procedure;
                                                                           may be omitted at initial configuration e.g. in case that the cell shall not have an uplink;
                                                                           NOTE: there is no way to explicitly remove the RACH procedure configuration after it has been configured for a cell */
//MAC: UE-specific logical channels and related information
    NR_DcchDtchConfig_Type              DcchDtchConfig optional, /* Parameters related to DCCH/DTCH in UL and DL */
//--------------------------------------------------------------------------
// Carrier aggregation and dual connectivity
    NR_ServingCellConfig_Type           ServingCellConfig optional,  /* To be configured at  initial configuration of a cell:
                                                                           for non-CA scenarios it shall be either 'SpCell' or 'None' ('None' applies for pure neighbouring cells)*/
NR_SidelinkScheduled_Type           SidelinkScheduled optional,  /* To configure SS for sidelink resource allocation mode 1 */
//--------------------------------------------------------------------------    
// NTN-specific configuration
    NR_NTN_Config_Type              NtnConfig          optional   /* to configure parameters specifically needed for NTN operation*/
  };



New types to be defined are:
	  type integer                  NR_NTN_K_Offset_Type (0..1023);
  type integer                  NR_NTN_K_Mac_Type (0..512);
  type NTN_Config_r17.ntn_PolarizationDL_r17 NR_ASN1_NTN_Config_PolarizationDL_Type;
  type NTN_Config_r17.ntn_PolarizationUL_r17 NR_ASN1_NTN_Config_PolarizationUL_Type;
  
  type record NR_NTN_TimingOffset_Type {
    NR_NTN_K_Offset_Type        Koffset            optional,    /* Koffset in ms as defined in TS 38.213 clause 4.2. If omit, keep as it is. */
    NR_NTN_K_Mac_Type           Kmac                           optional     /* Scheduling offset in ms provided by network if DL and UL frame timings are not aligned at gNB. If omit, keep as it is. */
  }      

  type union NR_ASN1_NTN_PolarizationDL_Type {
    NR_ASN1_NTN_Config_PolarizationDL_Type      R17 
  };
  type union NR_ASN1_NTN_PolarizationUL_Type {
    NR_ASN1_NTN_Config_PolarizationUL_Type      R17 
  };

  type record NR_NTN_PolarizationConfig_Type {
    NR_ASN1_NTN_PolarizationDL_Type     DL        optional, /* This parameter indicates polarization that the SS shall apply for DL transmissions on service link, set as according to NTN_Config_r17.ntn_PolarizationDL_r17. */
    NR_ASN1_NTN_PolarizationUL_Type     UL        optional  /* This parameter indicates polarization that the SS shall apply for UL receptions on service link, set as according to NTN_Config_r17.ntn_PolarizationUL_r17. */
  };

  type record NR_NTN_Config_Type {
    NR_NTN_TimingOffset_Type    NtnTimingOffset    optional,    /* to configure PHY/MAC layers with NTN parameters Koffset and Kmac needed for NTN operation.*/
    NR_NTN_PolarizationConfig_Type   NtnPolarization    optional    /* to configure polarization for transmission/reception on the service link. */  
  };



The initialisation of the SS with the NTN-specific TA as well as with NTN-specific parameters will take place within the function f_NR_CellConfig_Def.





3	Test Model Proposal (TS 38.523-3)

5.5	Non-Terrestrial Network
The NR/5GC test models specified in clause 5.2 are re-used for NTN testing, with additional aspects specified hereafter.
The UE under test shall be pre-configured with a geographical position that will not change throughout the execution of the test case.
The system simulator (SS) shall implement one or several simulated NR NTN cell(s). An NR NTN cell is defined in clause 7.5.
<<SKIPPED SECTIONS>>
[bookmark: _Toc100003952][bookmark: _Toc106705523][bookmark: _Toc163746027]7.5	Non-Terrestrial Network
[bookmark: _Toc100003953][bookmark: _Toc106705524][bookmark: _Toc163746028]7.5.1	NTN cell configuration
An NR cell to be used in a Non-Terrestrial Network (NTN) test environment is an NR cell configured with NTN-specific configuration parameters. It is called an NR NTN cell.
In particular an NR NTN cell is configured to operate on an NTN-specific NR band and is broadcasting a system information block combination, defined in TS 38.508-1 [5] clause 4.4.3.1.2, that contains SIB19. 
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 an NTN scenario is simulated, TTCN implementation is responsible for maintaining the system information up-to-date (including SIB19) and to ensure that the updated system information is being broadcast in the NR NTN cell before the timer T430 expires at UE.
NOTE:	The NGSO test model is FFS in the present version of this specification.
[bookmark: _Toc100003954][bookmark: _Toc106705525][bookmark: _Toc163746029]7.5.2	NTN timing considerations
[bookmark: _Toc100003955][bookmark: _Toc106705526][bookmark: _Toc163746030]7.5.2.1	General
[bookmark: _Toc100003956][bookmark: _Toc106705527][bookmark: _Toc163746031]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 7.5.2.1-1. 



Figure 7.5.2.1-1: NTN timing relationship parameters
7.5.2.2	NTN timing advance
The Timing Advance (TA) formula, specified in TS 38.211 [19] clause 4.3.1, can be summarized as follows: 
TTA = TTA,legacy + TTA,NTN
TTA,NTN = TTA,common + TTA,UE-specific
with:
-	TTA,legacy = (NTA + NTA,offset) * Tc: the (legacy) part of the TA formula that applies also to Terrestrial Networks,  
-	TTA,common =  * Tc: the Common TA between the RP and the NTN payload, 
-	TTA,UE-specific =  * Tc: the TA corresponding to the service link delay. 
The GSO test environment in TS 38.508-1 [5] 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 7.5.2.2-1: NTN timing advance - input parameters
	TTA element
	Associated parameter(s)
	Relationship

	(in sec)
	Protocol parameter
	ASP field
	(TS 38.213 [21] clause 4.2)

	TTA,legacy

	

	InitialValue
integer (0..3846)
	NTA = InitialValue * 

	TTA,common
	
	NtnCommonTA
integer (0..66485757)
	See below.

	TTA,UE-specific
	
	NtnUeSpecificTA
integer (0..66485757)
	NtnUeSpecificTA
See below.

	NOTE:	The time unit TC is defined in TS 38.211 [19] clause 4.1.



From the TA-Info-r17 specified in TS 38.331 [16], only the value of ta-Common-r17 is defined in TS 38.508-1 [5] SIB19 for the GSO scenario. TTCN will forward this value to the SS as NtnCommonTA for the calculation by the SS of  according to the formula given in TS 38.213 [21] clause 4.2.
NOTE:	For the GSO scenario it is assumed that the SS uses the calculation:  = NtnCommonTA.
 is calculated using the GSO serving satellite static position specified in TS 38.508-1 [5] SIB19's ephemeris data and the UE static position specified in TS 38.508-1 [5] clause 4.5C1. 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 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 38.508-1 [3] is first converted to the coordinates accordingly.
Example of the calculation of :
	given UE latitude 25.08439333 and positionX-r17 of -16976014:
	-16976014* 1.3 m = -22068818.2 m
	-3025296.94 m
	
Following the above calculations, the final value t results in 0.24338972709427653 sec that yields  to have a value of 59771543.981895022, that is rounded to 59771544.
[bookmark: _Toc100003959][bookmark: _Toc106705530][bookmark: _Toc163746034]7.5.2.3	NTN scheduling offsets
[bookmark: _Toc100003960][bookmark: _Toc106705531][bookmark: _Toc163746035]The NTN timing parameters listed in Table 7.5.2.3-1 come into play when scheduling data in an NTN cell.
Table 7.5.2.3-1: NTN timing parameters in an NTN cell
	NTN timing parameter
	Definition
	Reference

	UE-gNB RTT
	TTA + Kmac
	TS 38.321 [13] clause 3.1

	Kmac
	k-Mac or 0
	TS 38.213 [21] clause 8.2

	Koffset
	cellSpecificKoffset - Differential Koffset
	TS 38.213 [21] clause 4.2



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.
7.5.2.4	RRC connection release sequence
[bookmark: _Toc100003963][bookmark: _Toc106705534][bookmark: _Toc163746039]The sequence specified in clause 7.3.5.2 applies, with the following differences: T is set by the value of UE-gNB RTT ms in advance of RRCRelease.
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