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7A.4	Timing considerations
Based on SIB scheduling and search space configuration as described in the previous clauses timing considerations are made as below, with the timing reference being the absolute time at the SS Rx/Tx antenna.
7A.4.1	Random access procedure
Details regarding random access procedure in NB-IoT are specified in clause 16.3 of TS 36.213 [30] and clause 5.1 of TS 36.321 [16]. The timing of a random access procedure in NB-IoT is illustrated in table 7A.4.1-1. 
Table 7A.4.1-1: Timing of random access procedure
	...
	...
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	...
	
	...
	
	
	...

	
	...
	Type2 CSS
	...
	Type2 CSS
	...

	RACH preamble
	
	DCI format N1
	
	RAR with UL grant
	
	Msg3
	...
	DCI format N0/1
	

	...
	 tdelay1 
	tDCI
	 tdelay2 
	tRAR
	 tdelay3 
	tMsg3
	 tdelay4 
	tDCI
	 tdelay5 

	step 1
	
	step 2
	
	step 3
	
	step 4
	...



with
	steps 1-4
	Random access procedure according to TS 36.300 [69] clause 10.1.5.1:
step 2:	RAR is addressed to RA-RNTI
step 3:	Msg3 contains either a CCCH SDU (a) or the C-RNTI (b)
step 4:	a) temporary C-RNTI based contention resolution (DL assignment for Msg4)
b) C-RNTI based contention resolution (UL grant)
NOTE: 
According to TS 36.213 [30] clause 16.5.1, Table 16.5.1-4 and clause 16.4.1, Table 16.4.1-5 the DCI for step 4 is sent on NPDCCH in the Type2 common search space

	tdelay1
	 3ms (but up to  50ms)
	depends on Type2-CSS configuration, start of RA response window according to TS 36.321 [16] clause 5.1.4 and when the RACH preamble happens

	tDCI
	 2ms
	for Rmax = 16 and DCI subframe repetition number = 0 (TS 36.213 [30] clause 16.6)

	tdelay2
	 4ms
	scheduling delay according to DCI (TS 36.213 [30] clause 16.4.1 and table 16.4.1-1)

	tRAR
	 1ms
	depending on TBS and number of repetitions (TS 36.213 [30] clause 16.4.1)

	tdelay3
	 12ms
	scheduling delay according to RAR grant (TS 36.213 [30] clause 16.3.3)

	tMsg3
	 1ms
	depending on MSC index and number of repetitions according to RAR grant; the TBS is 88 bits in all cases (TS 36.213 [30] clause 16.3.3)

	tdelay4
	 3ms
	delay before the UE monitors NPDCCH again (TS 36.213 [30] clause 16.6)

	tdelay5
	 13ms
	depending on whether UL or DL transmission follows, see clause 7A.4.2 and 7A.4.3



NOTE 1:	In addition to the delay in table 7A.4.1-1 there is further delay caused by PBCH, NPSS, NSSS, SI transmissions.
NOTE 2:	Assuming a search space configuration as per clause 7A.3 in general a random access procedure needs more than two search space cycles.
7A.4.2	Uplink transmissions
Table 7A.4.2-1: Timing of uplink transmissions
	...
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	...

	...
	DCI format N0
	
	UL-SCH
	
	ACK/NACK
	...

	
	tDCI1
	 tdelay1 
	tData
	 tdelay2 
	tDCI2
	



with
	tDCI1
	 2ms
	for Rmax = 16 and DCI subframe repetition number = 0 (TS 36.213 [30] clause 16.6)

	tdelay1
	 8ms
	according to TS 36.213 [30] table 16.5.1-1

	tData
	 1ms
	depending on TBS and number of repetitions (TS 36.213 [30] clause 16.5.1 and TS 36.211 Table 10.1.2.3-1) (NOTE 4)

	tdelay2
	 3ms
	according to TS 36.213 [30] clause 16.5.2

	tDCI2
	 2ms
	(same as tDCI1)



NOTE 1:	In addition to the delay in table 7A.4.2-1 there is further delay caused by PBCH, NPSS, NSSS, SI transmissions.
NOTE 2:	Assuming a search space configuration as per clause 7A.3 in general an uplink transmission takes one search space cycle.
NOTE 3:	Even when in case of necessary UL re-transmission the grant for the re-transmission is sent immediately using adaptive HARQ NACK, it is hardly predictable how many search space cycles the complete successful transmission takes. Nevertheless one re-transmission may still be finished in the same search space cycle in which the initial UL has been scheduled. 

NOTE 4:	For single tone () according to TS 36.213 [30] Table 16.5.1.2-1 the maximum value of ITBS is 10. Therefore according to table 16.5.1.2-2 the maximum grant of 1000 bits requires at least IRU = 5 corresponding to 6 resource units.
Furthermore for single tone according to TS 36.211 [35] Table 10.1.2.3-1 a resource unit takes 16 slots i.e. 8ms.
 tData  48ms (6 * 8) for maximum grant (single-tone).
7A.4.3	Downlink transmissions
Table 7A.4.3-1: Timing of downlink transmissions
	...
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	...

	...
	DCI format N1
	
	DL-SCH
	
	ACK/NACK
	...

	
	tDCI
	 tdelay1 
	tData
	 tdelay2 
	 tACK/NACK 
	



with
	tDCI
	 2ms
	for Rmax = 16 and DCI subframe repetition number = 0 (TS 36.213 [30] clause 16.6)

	tdelay1
	 4ms
	scheduling delay according to DCI (TS 36.213 [30] clause 16.4.1 and table 16.4.1-1)

	tData
	 1ms
	depending on TBS and number of repetitions (TS 36.213 [30] clause 16.4.1)

	tdelay2
	 12ms
	depending on HARQ-ACK resource allocation according to TS 36.213 [30] clause 16.4.2

	tACK/NACK
	 2ms
	multiples of 2ms according to TS 36.211 [35] Table 10.1.2.3-1; depending on number of repetitions configured by RRC signalling (NPUSCH-ConfigCommon-NB-r13, NPUSCH-ConfigDedicated-NB-r13; NRep  1)



NOTE 1:	In addition to the delay in table 7A.4.3-1 there is further delay caused by PBCH, NPSS, NSSS, SI transmissions.
NOTE 2:	Assuming a search space configuration as per clause 7A.3 in general a downlink transmission takes one search space cycle.
NOTE 3:	Assuming a search space configuration as per clause 7A.3 in case of a HARQ NACK from the UE, a re-transmission needs to be scheduled in the next search space cycle (as even when the DL transmission has been scheduled using the first search space candidate, at the point in time the SS detects the NACK there is no search space candidate in the current search space cycle anymore).
7A.4.4	Half-duplex mode
According to TS 36.211 [35], for NB-IoT, only type-B half-duplex FDD operation is supported (clause 10.2.2.3) in which according to clause 4.1 the UE cannot transmit and receive at the same time.
In addition, in clause 16.6 of TS 36.213 [30] there are further rules further restricting the timing of UL/DL transmissions, which are summarised in table 7A.4.4-1 and table 7A.4.4-2, for Rel-13 and if the UE is not configured with higher layer parameter twoHARQ-ProcessesConfig.
Table 7A.4.4-1: Uplink transmissions
	
	n
	n+1
	...
	n+k-1
	n+k
	
	
	n1
	n1+1
	n1+2
	n1+3
	
	

	DCI Format N0
	
	NPUSCH transmission
	
	
	
	ACK/NACK (NPDCCH)

	
	UL-SCH transmission: NPDCCH not monitored by the UE
	



Table 7A.4.4-2: Downlink transmissions
	
	n
	n+1
	
	
	
	
	
	
	
	
	
	
	
	
	n+k-1
	n+k
	
	
	n1
	n1+1
	n1+2
	n1+3

	DCI Format N1
	
	NPDSCH transmission
	
	NPUSCH Format 2:
ACK/NACK
	

	
	DL-SCH transmission: NPDCCH not monitored by the UE



If the UE is configured with higher layer parameter twoHARQ-ProcessesConfig (Rel-14 and later), the UE can detect another PDCCH candidate before NPDSCH or NPUSCH transmission starts (see TS 36.213 [30] clause 16.6 for further details). Nevertheless there needs to be an appropriate timing for the transmissions being associated with two consecutive PDCCH candidates. 
NOTE:	So far there are no test requirements in any test case to schedule more than one PDCCH candidate in the same search space.
7A.4.5	Conclusions
Based on the system information scheduling as in clause 7A.2 and search space configuration as in clause 7A.3 the following conclusions are made:
-	Random access procedure:
After detection of the random access preamble steps 2-4 of the random access procedure take at least two search space cycles.
-	Uplink and downlink transmissions:
In general an UL or DL transmission takes one search space cycle and UL/DL transmissions are mutually exclusive, i.e. a search space cycle can be either for UL or for DL.
<SECTIONS SKIPPED>
7A.7	RRC connection release sequence
According to TS 36.331 [19] clause 5.3.8.3, after reception of the RRCConnectionRelease the UE may either wait 10s or for indication of acknowledgement from lower layer. Furthermore according to TS 36.331 [19] clause 5.3.12, upon leaving RRC_CONNECTED state the UE resets layer 2.
Assuming search space cycles of 64ms as described in clause 7A.3 and with a given search space cycle N starting at time T being at least 100ms in advance, TTCN schedules the RRC connection release sequence as:
1.	At T:	Start of search space cycle N:
	Send RRCConnectionRelease, stop UL grants.
2.	At T + 64ms:	Start of search space cycle N+1:
	Release security (optional; only when security has been configured).
	Scheduling of UL grants for search space cycle N+1 and four subsequent cycles
	(NOTE 1).
3.	At T + 80ms:	Release SRBs and DRBs (if configured).
4.	At T + 96ms:	(Re-)configure SRBs.
5.	Delay of 1100ms from T onward (NOTE 2)
NOTE 1:	The UL grants are provided to allow the UE to send an RLC ACK to acknowledge the RRCConnectionRelease; as RLC is not configured anymore or reset at the SS already, the ACK is discarded by the SS.  It is assumed that once the UE has sent the RLC ACK it stops the 10s timer.
NOTE 2:	The delay of 1100ms is to ensure the UE is re-camping on the cell and has read relevant system information, MIB-NB, SIB1-NB, SIB2-NB and all other SIs.
<SECTIONS SKIPPED>
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, 8 or 9 as defined in TS 36.508 [3] clause 8.1.4.3.1.1,  of TS 36.508 [3], i.e. it shall at least broadcastthat contains SystemInformationBlockType31-NB (SIB31-NB). It is called an NB-IoT NTN cell.
In addition to that, anthe NB-IoT NTN cell shall be configured in SIB1-NB as "barred" in cellAccessRelatedInfo-r13 IE and as "notBarred" in cellAccessRelatedInfo-NTN-r17 IE of SystemInformationBlockType1-NB.
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.
When an NGSO scenario is simulated, TTCN provides to the SS only initial contents of SIB31-NB for a given NB-IoT NTN cell. As the test case proceeds, the SS shall periodically update SIB31-NB content with the values defined in the satellite ephemeris data specified in TS 36.508 [3] Annex B.1 according to the current timing and broadcast it afterwards. The updates and calculations shall be done by the SS with a periodicity equal to the si-WindowLength-r13 value. 
In a multi-cell NGSO test case, TTCN initialises all the NB-IoT NTN cells in the SS with an identical SIB31-NB content as per the first cell specified in TS 36.508 [3] Table 6.3.5.2-1. After all the NB-IoT NTN cells are initialised in the SS, TTCN reconfigures and synchronises in the SS the contents of each SIB31-NB with the values corresponding to the cell number in the test case.
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 scheduling offsets: Koffset and Kmac, with Koffset ≥ TTA.
The various NTN timing relationships areas 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
7A.14.2.2.1	General
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. 
7A.14.2.2.2 TA in GSO scenario
The GSO 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 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 36.213 [30] clause 16.1.2.
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 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 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 results in 0.24338972709427653 sec that yields  to have a value of 7476932.416336175, that is rounded to 7476932.
7A.14.2.2.3 TA in NGSO scenario
The NGSO test environment in TS 36.508 [3] specifies that the position of the serving satellite (NTN payload) varies with the time. This implies that TA also changes during the lifetime of a test case execution. To reduce the complexity, the reference point RP is defined at the satellite itself (TS 36.508 [3] clause 6.3.5.2) in NGSO scenario. This eliminates necessity of calculating that resolves to zero. However, the SS shall regularly (every si-WindowLength-r13) re-calculate the value of  for a particular NB-IoT NTN cell based on: 
-	the actual timing, 
-	the UE static position given in TS 36.508 [3] clause 4.13, and 
-	the satellite ephemeris data specified in TS 36.508 [3] Annex B.1. 
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



According to TS 36.213 [30] clause 16.5.1 and TS 36.321 [16] clause 7.7, NPUSCH transmissions in NTN are delayed by the sum of the NTN scheduling offsets Koffset and Kmac, further referred to as tNTNdelay.
TTCN configures the NTN scheduling 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 + KoffsettNTNdelay
	according to TS 36.213 [30] clause 16.5.1.12ms: scheduling delay according to RAR grant (TS 36.213 [30] clause 16.3.3)
tNTNdelay: based on the sum of Koffset and Kmac values in TS 36.508 [3]

	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 + KoffsettNTNdelay
	according to TS 36.213 [30] clause 16.5.1.8ms: according to TS 36.213 [30] table 16.5.1-1
tNTNdelay: based on the sum of Koffset and Kmac values in TS 36.508 [3]

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



-	Table 7A.4.3-1: Timing of downlink transmissions
	tdelay2
	 12ms + KoffsettNTNdelay
	according to TS 36.213 [30] clause 16.4.2.12ms: depending on HARQ-ACK resource allocation according to TS 36.213 [30] clause 16.4.2
tNTNdelay: based on the sum of Koffset and Kmac values in TS 36.508 [3]



-	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 7.1.7A.7 applies, with the following differences: the timings defined for steps 2, 3 and 4 shall be prolonged by the value of tNTNdelay. 
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
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