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1. Introduction:

The test methods and SS scheduler design need to be specified for the NB-IoT signalling test environment and test cases. It will be added in a new section 7A of TS 36.523-3. 

2. TS 36.523-3 Text Proposal:
7A
NB-IoT Test Methods and Design Considerations

NOTE:
Unless explicitly stated otherwise, the present clause and its subclauses apply to the NB-IoT anchor carrier.

7A.1
Physical signals and channels

For Signalling testing, single Tx antenna shall be used by the SS, unless specified otherwise in a test case.

The SS shall transmit all NB-IoT physical signals and channels according to TS 36.211 [35], with the following additional requirements, unless specified otherwise in a test case:

-
The NRS shall be transmitted on one antenna port. 

-
The NPSS and NSSS shall be transmitted on one and the same antenna port. 

Regardless of the NB-IoT operation mode, no (WB-E-UTRA) LTE signals and channels shall be transmitted by the SS (including the LTE CRS). However for the in-band operation mode, TTCN will provide the necessary LTE CRS configuration to the SS and the SS shall use this information to skip the resource elements, which should be occupied by the LTE CRS, when transmitting NB-IoT downlink physical channels.

7A.2
System information

7A.2.1
System information broadcasting in general

TTCN provides separately the BCCH (MIB-NB, SIB-NB’s) messages to transmit, and the scheduling of how and when to transmit them. However the complete information is provided to the SS by using a single ASP. 

The SS shall transmit all BCCH messages according to TS 36.331 [19], with the following additional requirements:

-
SS shall start scheduling all BCCH messages from the same timing (H-SFN, SFN).

-
SS shall set and maintain the SFN-MSB and the HSFN-LSB in the MIB-NB message provided by TTCN, according to its internal timing. A dummy value is provided by TTCN.

-
SS shall set and maintain the HSFN-MSB in the SIB1-NB message provided by TTCN, according to its internal timing. A dummy value is provided by TTCN.

-
TTCN provides the BCCH messages to the SS using the ASN.1 types. The SS shall encode them in unaligned PER and add the necessary padding bits as specified in TS 36.331 [19], clause 8.5.

7A.2.2
System information scheduling and synchronisation signals

For NB-IoT the scheduling of UL and DL data strongly depends on the scheduling of system information and synchronisation signals: The SS can schedule DL assignments and UL grants only in subframes which are not used by system information or synchronisation signals. 

This clause shows the allocation of system information and synchronisation signals according to core specifications and for cases of common system information scheduling according to TS 36.508 [3] clause 8.1.4.3.

NOTE:
Unless explicitly stated otherwise, the present clause and its subclauses apply to downlinkBitmap-r13 not being specified in SIB1-NB.

7A.2.2.1
MIB-NB, NPSS, NSSS

NPSS is transmitted in subframe 5 of every radio frame (TS 36.211 [35] clause 10.2.7.1.2).

NSSS is transmitted in subframe 9 of every radio frame with even frame number (TS 36.211 [35] clause 10.2.7.2.2).
MIB-NB is sent on NPBCH: It is split into 8 blocks, each of which is repeated 8 times in the first subframe of a frame (TS 36.331 [19] clause 5.2.1.2a) ( MIB uses first subframe of every frame, periodicity is 640ms.

Table 7A.2.2.1-1: MIB-NB, NPSS, NSSS scheduling
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7A.2.2.2
SIB1-NB

SIB1-NB scheduling depends on 

-
schedulingInfoSIB1-r13 contained in MasterInformationBlock-NB:
TBS of 208, 328, 440 or 680 and 4, 8 or 16 repetitions (TS 36.213 [30] Tables 16.4.1.3-3 & 16.4.1.5.2-1)

-
Physical Cell ID (PCID) derived by the UE from the NSSS:
Starting radio frame number for NB-SIB1 repetitions depends on the PCID and the number of repetitions (TS 36.213 [30] Table 16.4.1.3-4)

According to TS 36.331 [19] clause 5.2.1.2a independent from the TBS a single SIB1-NB transmission takes every second of 16 sub-sequent frames and the parts of the SIB1-NB are sent at subframe #4.

Table 7A.2.2.2-1shows SIB1-NB scheduling for the 16 repetitions for the case that the radio frame of the first transmission is 0 (
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mod 4 = 0 in Table 16.4.1.3-4 of TS 36.213 [30]); frames with SIB1-NB are shown in green.

Table 7A.2.2.2-1: SIB1-NB scheduling with 16 repetitions
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7A.2.2.3
SI-messages containing SIB3-NB, SIB4-NB, SIB5-NB, SIB14-NB, SIB16-NB

Scheduling of SI messages is specified in TS 36.331 [19] clauses 5.2.1.2a and 5.2.3a.

As SI messages are sent on NPDSCH, only "NB-IoT DL subframes" can be used according to TS 36.213 [30] clause 16.4: In case of SIB1-NB not specifying downlinkBitmap-r13 NB-IoT DL subframes are subframes not containing NPSS/NSSS/NPBCH/NB-SIB1 transmissions.
The parameters for SI scheduling are contained in SystemInformationBlockType1-NB:

Configuration common for all SI messages:

-
Window size
-
Frame offset for scheduling

Configuration per SI message:

-
SI window:
According to TS 36.331 [19] clause 5.2.3a the position of an SI-window depends on the order of the corresponding SI-message in the list, the window size and the periodicity.
-
Repetitions of the SI-message:
Within an SI-window repetitions are specified by the repetition-pattern. 

-
SIBs mapped to the SI-message

-
Transport block size (TBS) and number of subframes (NSF) used for transmission: 
According to clause 6.7.2 of TS 36.331 [19] NSF is either 2 (for TBS = 56, 120) or NSF is 8 (for TBS = 208, 256, 328, 440, 552, 680).
7A.2.2.3.1
SI combination 1 scheduling

TS 36.508 [3] clause 8.1.4.3 specifies configuration of SI combination 1 scheduling as shown in table 7A.2.1.3.1-1 with

-
16 Repetitions of SIB1-NB ( SIB1-NB in every second frame at subframe 4

-
si-WindowLength-r13: 


ms160

-
si-RadioFrameOffset-r13: 

0 (not present in SystemInformationBlockType1-NB)

-
1 SI-message:
-
SI-Window 1

si-Periodicity-r13



rf64

si-RepetitionPattern-r13

every8thRF

si-TB-r13





552 ( NSF = 8

( According to TS 36.331 [19] clause 5.2.3a the SI-windows start at subframe 0 of frame SI1:



(H-SFN * 1024 + SFN) mod TSI1 = 0; 

with TSI1 = 64

Table 7A.2.2.3-1: SI combination 1 scheduling (SIB2-NB only)
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7A.2.2.3.2
SI combination 2/3/4 scheduling

TS 36.508 [3] clause 8.1.4.3 specifies configuration of SI combination 2/3/4 scheduling as shown in table 7A.2.1.3.1-2 with

-
16 Repetitions of SIB1-NB ( SIB1-NB in every second frame at subframe 4

-
si-WindowLength-r13: 


ms160

-
si-RadioFrameOffset-r13: 

0 (not present in SystemInformationBlockType1-NB)

-
3 SI-messages:
-
SI-Window 1

si-Periodicity-r13



rf64

si-RepetitionPattern-r13

every8thRF

si-TB-r13





552 ( NSF = 8
-
SI-Window 2
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SI-Window 3
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( According to TS 36.331 [19] clause 5.2.3a the SI-windows start at subframe 0 of frame



(H-SFN * 1024 + SFN) mod TSI1 = 0; 


with TSI1 = 64



(H-SFN * 1024 + SFN) mod TSI2 = 16; 

with TSI2 = 64



(H-SFN * 1024 + SFN) mod TSI3 = 32; 

with TSI3 = 64

Table 7A.2.2.3-2: SI combination 2/3/4 scheduling (SIB2-NB + SIB3-NB + SIB4/5/14-NB)
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7A.2.3
System information modification

According to TS 36.331 [19] for normal DRX the modification period for change of system information is 

ModificationPeriod = modificationPeriodCoeff * defaultPagingCycle

(modificationPeriodCoeff, defaultPagingCycle are given by SIB signaling).
Editor's note: eDRX is FFS

TTCN implementation is responsible to wait long enough to ensure that the UE has acquired the new system information. With modificationPeriodCoeff=n32 and defaultPagingCycle=rf128 this means that TTCN needs to wait more than 40s to be sure that the UE has got the change.
As working assumption it is sufficient to schedule just one paging message or one direct indication in a modification period to indicate change of system information in the next modification period. 

7A.3
Search space configurations

There are 3 kinds of search spaces in NB-IoT (TS 36.213 [30] clause 16.6):

-
Type1-NPDCCH common search space (Type1CSS): Paging
-
Type2-NPDCCH common search space (Type2CSS): Random access
-
NPDCCH UE-specific search space (UESS): UL grants and DL assignments for UE in connected mode
The search spaces define in which time windows the network may schedule DL assignments and UL grants.

Scheduling of DL assignments and UL grants is not possible in subframes occupied by system information or synchronisation signals or in subframes outside the respective search space.

( Timing of NB-IoT conformance test cases strongly depends on the system information scheduling (see clause 7A.2.2) and the search space configurations described in this clause.

In addition it is the responsibility of the SS to determine the exact timing for scheduling of DL assignments and UL grants.

Table 7A.3-1 shows the relevant parameters for search space calculations.

Table 7A.3-1: Parameters for search space calculations

	Rmax
	Type1CSS
	configured in SIB2-NB (PCCH-Config-NB-r13)

	
	Type2CSS
	configured in SIB2-NB (NPRACH-Parameters-NB-r13)

	
	UESS
	configured in RadioResourceConfigDedicated-NB-r13 (NPDCCH-ConfigDedicated-NB-r13)

	G
	Type1CSS
	(not applicable)

	
	Type2CSS
	configured in SIB2-NB (NPRACH-Parameters-NB-r13)

	
	UESS
	configured in RadioResourceConfigDedicated-NB-r13 (NPDCCH-ConfigDedicated-NB-r13)

	(offset
	Type1CSS
	(not applicable)

	
	Type2CSS
	configured in SIB2-NB (NPRACH-Parameters-NB-r13)

	
	UESS
	configured in RadioResourceConfigDedicated-NB-r13 (NPDCCH-ConfigDedicated-NB-r13)

	T
	Type1CSS
	DRX cycle according to PCCH-Config-NB-r13.defaultPagingCycle-r13

	
	Type2CSS
	search space cycle: Rmax * G

	
	UESS
	search space cycle: Rmax * G

	R
	Type1CSS
	depends on Rmax and the "DCI subframe repetition number" in the DCI format N2 as shown in TS 36.213 [30] table 16.6-2

	
	Type2CSS
	depends on Rmax and the "DCI subframe repetition number" in the DCI format N1 as shown in TS 36.213 [30] table 16.6-3

	
	UESS
	depends on Rmax and the "DCI subframe repetition number" in the DCI format N0/N1 as shown in TS 36.213 [30] table 16.6-1


7A.3.1
Type1CSS - Paging

For NB-IoT the same calculations for paging are applied as for WB-E-UTRA (TS 36.304 [14] clause 7), but in contrast to WB-E-UTRA the paging does not happen at the paging occasion itself, but the Type1-NPDCCH common search space starts at the paging occasion according to TS 36.213 [30] clause 16.6: DCI with format N2 is sent out on NPDCCH from the next suitable subframe onward (starting at the paging occasion).

As for WB-E-UTRA the paging occasion is calculated by TTCN and provided to SS as timing information of the system request. The SS shall schedule the DCI and the corresponding paging message (if any) according to the given configuration of the Type1CSS, PCCH configuration and according to the rules provided by core specifications (mainly TS 36.213 [30] clause 16).

7A.3.2
Type2CSS – Random access

In principle the same considerations can be applied as for the UESS (see below).

7A.3.3
UESS

Taking into account the SIB scheduling as described in clause 7A.2 and applying parameters for the UESS as per TS 36.508 [3] UESS configuration results in 

Table 7A.3.3-1: Parameters for UESS

	Rmax
	16
	according to TS 36.508 [3] table 8.1.6.3-3

	G
	4
	according to TS 36.508 [3] table 8.1.6.3-3

	(offset
	0
	according to TS 36.508 [3] table 8.1.6.3-3

	T
	64
	Rmax * G

	R
	2
	according to DCI subframe repetition number in TS 36.508 [3] Table 8.1.3.6.1.2-2 and parameters as above


( 
according to TS 36.213 [30] clause 16.6 

the search spaces start at k0 = 0, 64, 128, 192, 256, ... 
the candidates within a search space start at b = R * u = 0, 2, 4, 6, 8, 10, 12, 14.

Table 7A.3.3-2: Scheduling of UESS

	K
	SFN = K
	SFN = K + 1
	SFN = K + 2
	SFN = K + 3
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	...


With

	
	NPBCH
	
	NPSS
	
	NSSS
	
	SIB1-NB
	
	SI-1
	
	SI-2
	
	SI-3

	
	search space candidate 0
	
	search space candidates 1..7


NOTE 1:
Depending on SS configuration in general the first search space candidate can be used for the transmission of the DCI. Therefore the first search space candidate is highlighted in table 7A.3.3-2.

7A.4
Timing considerations

Based on SIB scheduling and search space configuration as described in the previous clauses timing considerations are made as below.

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-RTNI 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 Type1-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)

	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.

7A.4.3
Downlink transmissions

Table 7A.4.3-1: Timing of downlink transmissions
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	...

	...
	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 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 wich according to clause 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 summarised in table 7A.4.4-1and table 7A.4.4-2.

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


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 transmission are mutually exclusive, i.e. a search space cycle can be either for UL or for DL.

7A.5
Scheduling requests and scheduling of UL grants

As there is no NPUCCH in NB-IoT the UE cannot directly indicate scheduling requests to the network. Instead according to TS 36.321 [16] clause 5.4.4 the UE starts with a RACH procedure, unless an SR-ProhitTimer is configured by RRC signalling.

NOTE 1: 
It seems not to be reliable that, when no SR-ProhitTimer is configured, the UE will use an UL grant being scheduled in advance.

NOTE 2: 
It seems not to be reliable that a UE uses an UL grant addressed with C-RNTI when it has already started a RACH procedure and is waiting for the RA response being addressed by the RA-RNTI. Furthermore there is no core spec reference about the UE to abort the RACH procedure in this case.
( In terms of UL scheduling there are two modes for the UE in RRC connected mode: RACH procedure mode and polling mode.
7A.5.1
RACH procedure mode

UL grant scheduling is triggered by a RACH procedure and the subsequent evaluation of BSRs. There is no explicit scheduling of UL grants in advance. 

The SS assigns UL grants according to RACH procedure configuration and common MAC configuration (DCI format N0 configuration of UL grants).

NOTE: 
In case of uncorrelated UL and DL transmissions there may be race conditions resulting in the UE having started a random access procedure already when the SS schedules the DL transmission. In this case the UE may not read the DL assignment anymore and therefore not receive the DL data.

7A.5.2
Polling mode

SR-ProhibitTimer (logicalChannelSR-Prohibit-r13 according to release 13 ASN.1, TS 36.331 [19]) is configured at the UE (for each logical channel) and the SS polls the UE with UL grants: When the UE has UL data pending it will use a given grant; the UE in connected mode will not start any RACH procedure while SR-ProhibitTimer is running.

The SS gets configured with periodic UL grants to be assigned to the UE: grant size, periodicity, total number of grants.

7A.6
Scheduling requirements

As conclusion of the above timing and scheduling considerations this clause defines SS requirements about how to schedule UL grants and DL assignments.

7A.6.1
Random access procedure

The SS gets configured with: 

-
configuration of the Type2 common search space (Rmax, G, (offset)

-
Type 2 common search space candidate to schedule RAR

-
Type 2 common search space candidate to schedule DL assignment or UL grant at step 4 of the random access procedure

-
UL grant to be provided in RAR
-
DCI for DL assignment of Msg4 in case of temporary C-RNTI based contention resolution
-
For C-RNTI based contention resolution (RACH procedure mode):
DCI for UL grants to be used at step 4 of the random access procedure and for any subsequent UL transmissions (if any)
The SS shall:

-
when it has detected a RACH preamble, wait until start of the next Type2 common search space within the RA response window and schedule the Random Access Response containing the UL grant for Msg3 by using the Type2 common search space candidate as configured
-
after it has received Msg3, schedule a DL assignment or UL grant in the next Type2 common search space by using the search space candidate as configured
-
in case of RACH procedure with C-RNTI based contention resolution (i.e. UE in connected mode), check whether the UL MAC PDU sent at step 4 of the random access procedure contains a BSR element indicating that the UE needs more UL grant. If so, the SS shall use the ACK/NACK response corresponding to step 4's UL transmission as specified in clause 16.5.2 of TS 36.213 [30] to schedule another UL grant as configured at the SS 
(( the SS shall not do any dynamic calculation for the UL grant based on the details of the BSR);
this shall be repeated until the UE does not indicate need for further UL grant anymore.
Pending DL transmissions shall be postponed until after all UL data has been received.
NOTE: This rule applies for RACH procedure mode according to clause 7A.5.1.

-
in case of RACH procedure with C-RNTI based contention resolution (i.e. UE in connected mode), not use any adaptive HARQ ACK to schedule a DL transmission.

7A.6.2
Downlink transmissions

The SS gets configured with: 

-
configuration of the UE specific search space (Rmax, G, (offset)

-
search space candidate to be used for DL assignments within the search space

-
DCI to be used for DL assignments:
normal mode: 
transport block size, ITBS and ISF to be automatically determined by the SS
explicit mode:
DCI with ITBS, ISF provided by TTCN

When the SS gets a message from TTCN to be sent in DL it shall:

-
when the timing info is now, schedule the DL assignment in the next search space not being used for HARQ re-transmissions.

-
when a specific timing info is given, schedule the DL assignment by using the next the search space candidate according to the search space configuration after the given point in time. If for any reason there is an ongoing UL or DL transmission so that the UE may not monitor the NPDCCH, the SS shall raise an error.

-
when timing info is "now" and a previous DL transmission is still pending, schedule the DL assignment of the 2nd message in the search space starting after the HARQ ACK of the 1st message.

-
when e.g. an RRC message containing user data needs to be segmented by the RLC layer transmission of the resulting transport blocks shall be scheduled.in consecutive search space cycles and the given timing info is applied for the first transmission.

-
when TBS, ITBS and ISF shall be determined by the SS, use the mapping according to table 7A.6.2-1, otherwise use ITBS and ISF as provided by TTCN.

Table 7A.6.2-1: DL Resource allocation in normal mode

	amount of pending DL data (bits): NData
	TBS to be chosen by the SS
	ITBS
(NOTE)
	ISF
(NOTE)
	Comment

	NData ≤ 16
	16
	0
	0
	

	16 < NData ≤ 24
	24
	1
	0
	

	24 < NData ≤ 32
	32
	2
	0
	

	32 < NData ≤ 40
	40
	3
	0
	

	40 < NData ≤ 56
	56
	4
	0
	

	56 < NData ≤ 72
	72
	5
	0
	

	72 < NData ≤ 88
	88
	6
	0
	

	88 < NData ≤ 104
	104
	7
	0
	

	104 < NData ≤ 120
	120
	8
	0
	

	120 < NData ≤ 136
	136
	9
	0
	

	136 < NData ≤ 144
	144
	10
	0
	TBS=152 skipped as it would require ISF=5 (NOTE)

	144 < NData ≤ 176
	176
	11
	0
	

	176 < NData ≤ 208
	208
	12
	0
	

	208 < NData ≤ 224
	224
	7
	1
	

	224 < NData ≤ 256
	256
	8
	1
	

	256 < NData ≤ 296
	296
	9
	1
	

	296 < NData ≤ 328
	328
	10
	1
	TBS=344 skipped as it would require ISF=7 (NOTE)

	328 < NData ≤ 376
	376
	11
	1
	

	376 < NData ≤ 392
	392
	8
	2
	TBS=408 skipped as it would require ISF=5 (NOTE)
TBS=424 skipped as it would require ISF=4 (NOTE)

	392 < NData ≤ 440
	440
	12
	1
	

	440 < NData ≤ 456
	456
	9
	2
	TBS=472 skipped as it would require ISF=3 (NOTE)

	456 < NData ≤ 504
	504
	10
	2
	TBS=536 skipped as it would require ISF=3 (NOTE)

TBS=552 skipped as it would require ISF=6 (NOTE)

TBS=568 skipped as it would require ISF=7 (NOTE)

	504 < NData ≤ 584
	584
	11
	2
	TBS=600 skipped as it would require ISF=5 (NOTE)

TBS=616 skipped as it would require ISF=3 (NOTE)

	584 < NData
	680
	12
	2
	

	NOTE:
According to TS 36.213 [30] Table 16.4.1.5.1-1


( ISF ≤ 2 for all DL transmission (i.e. a DL transmission needs not more than 3 NB-IoT DL subframes, which is needed for maximum TBS of 680).

7A.6.3
Periodic uplink grants

Periodic scheduling of UL grants applies for polling mode according to clause 7A.5.2, i.e. in general the UE is configured with SR-ProhibitTimer(s) to be prevented from triggering RACH procedures in connected mode.

The SS gets configured with: 

-
configuration of the UE specific search space (Rmax, G, (offset)

-
search space candidate to be used for UL grants within the search space

-
configuration of grant scheduling:

-
DCI of the UL grants

-
number of UL grants to be scheduled: one grant only, several, continuous

-
periodicity: every search space, every 2nd search space, ...
When the SS gets configured for periodic scheduling of uplink grants, the SS shall:

-
start UL grant scheduling with the next available search space candidate as configured for the UE specific search space after the given timing information (which can be "now" or a specific point in time).

-
not give any additional grants base on buffer status reporting by the UE.

-
not use the adaptive HARQ ACK to schedule another transmission.

-
when DL transmission is scheduled, postpone any UL grant which would be scheduled for the same search space by one search space cycle.
NOTE: the periodicity is related to beginning of the UL grant scheduling i.e. independent from whether or not a single grant is postponed.
Table 7A.6.3-1 gives an example for periodic UL grant scheduling for a periodicity of ervery 3rd search space cycle: at UESS cycle 7 the UL grant is postponed to cycle 8 due to DL transmission.

Table 7A.6.3-1: Periodic UL grant scheduling – Example for UL and DL transmissions

	...
	UESS cycle 1
	UESS cycle 2
	UESS cycle 3
	UESS cycle 4
	UESS cycle 5
	UESS cycle 6
	UESS cycle 7
	UESS cycle 8
	UESS cycle 9
	UESS cycle 10
	...

	UL grant configuration
	UL
	
	DL
	UL
	
	
	DL
	UL
	
	UL
	


7A.6.4
HARQ re-transmissions

NOTE:
HARQ re-transmission are considered being rare in a RF cabled test environment. Nevertheless depending on test requirements HARQ re-transmissions may be tolerated at least for some test cases.

The SS shall report HARQ errors to TTCN if HARQ error reporting is configured by TTCN.

7A.6.4.1
Uplink

When the SS needs to request a re-transmission in uplink, it shall use adaptive HARQ ACK/NACK to indicate the NACK to the UE. ( The re-transmission shall be scheduled immediately by using the ACK/NACK response corresponding to the UL transmission as specified in clause 16.5.2 of TS 36.213 [30] independent from any UL grant scheduling. 

If the re-transmission is not successfully finished within the search cycle in which the transmission has been started, i.e. a second search space cycle is needed to complete the UL transmission, the SS shall:

-
if a DL transmission is pending with timing info "now":
postpone the DL transmission

-
if DL transmission is scheduled explicitly for the second search space cycle:
raise an error

-
if an UL grant is scheduled for the second search space cycle:
postpone this UL grant for one cycle.

7A.6.4.2
Downlink

When the UE indicates a HARQ NACK to the SS for a DL transmission in search space cycle N, the SS shall re-schedule the DL assignment in search space cycle N+1.

The SS shall:

-
if a another DL transmission is pending with timing info "now":
postpone the DL transmission

-
if DL transmission is scheduled explicitly for the second search space cycle:
raise an error

-
if an UL grant is scheduled for the second search space cycle:
postpone this UL grant for one cycle.

7A.6.5
Timing info for UL messages

The SS shall provide the H-SFN, SFN and subframe number of the subframe corresponding to the first RU of the NPUSCH transmission. It is up to TTCN implementation to derive other timing information if needed (e.g. the start of the corresponding search space).

NOTE: 
E.g. in case of IP data a layer 3 message carrying the user data on the control plane may be segmented by the RLC layer. In this case the timing info shall be related to the first segment.

7A.6.6
Uplink time alignment
As for legacy LTE the SS can be configured to periodically send Timing Advance Commands to the UE to prevent the UE from starting a RACH procedure due to expiry of the Time Alignment Timer. When the Time Alignment Timer at the UE is set to infinity, the SS is configured not to do any automatic transmission of Timing Advance Commands.

7A.7
RRC Connection Release Sequence
As for legacy LTE according to TS 36.331 [19], clause 5.3.8.3, after reception of the RRCConnectionRelease the UE may either wait 60ms or for indication of acknowledgement from lower layer. Furthermore according to TS 36.331 [19], clause 5.3.12, upon leaving RRC_CONNECTED the UE resets layer 2.

( As the UE resets layer 2 anyway after 60ms there is no need to provide the UE with UL grants for layer 2 signalling (e.g. RLC ACK). 

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 scheduled 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).

3.
At T + 80ms:
Release SRBs and DRBs (if configured).
4.
At T + 96ms:
(Re-) configure SRBs.
5. 
Delay of 840ms (NOTE)
NOTE:
The delay 840ms is chosen to ensure the UE is re-camping on the cell and has read relevant system information, MIB, SIB1, SIB2 and all other SIs.
7A.8
DL CCCH Message and Contention Resolution MAC Control Element transmission in one MAC PDU or in separate MAC PDUs
Regarding DL RRC PDU (e.g. RRC Connection Setup) being contained in Msg4 of the random access procedure or being sent in a separate DL message the same principles apply as described in clause 7.19 for legacy LTE.
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