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Discussion
1 Introduction

RAN5 is starting specifying the NB-IoT signaling test cases in TS 36.523 series. In many of these test cases, it is expected that the test case prose author will need to consider the timing aspects of scheduling DL/UL data and/or signaling events. The physical layer of NB-IoT presents a number of differences compared to ‘legacy’ LTE, which will not enable the test case author to assume that the same timers, as used in the equivalent WB-EUTRA test cases, can be re-used for NB-IoT. 

The present document aims at providing information to RAN5 on several scheduling aspects of NB-IoT, to facilitate the test case prose authors choosing appropriate timer values in their CRs. It is based on the NB-IoT core specifications and the default TS 36.508 ASN.1 values provided in R5-167096r1 (Addition default values in NB-IoT RRC messages and IEs) and R5-167169r1 (Correction to NB-IOT System configuration IE). 
2 Discussion
2.1 Modification Period / System Information modification
ModificationPeriod = modificationPeriodCoeff * defaultPagingCycle = n32 * rf128 = 40.96 sec. 

( When a test case modifies the System Information and pages the UE to information about the modification, a wait time of at least 45 sec (10% tolerance) shall be used to let the UE acquire the new System Information. 
2.2 DCI / NPDCCH / Search Spaces

There are 3 kinds of search spaces in NB-IoT: 

-
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

2.2.1 Type1CSS - Paging
In contrast to WB-EUTRA, in NB-IoT the paging DCI does not happen at the paging occasion but the search space starts at the paging occasion.

( There may be some delay between the PO and the actual Paging message transmission of a few msec. 
2.2.2 Type2CSS / UESS
	SystemInformationBlockType1-NB
	
	

	
si-RadioFrameOffset-r13
	omit
	( OFFSET = 0

	Rmax
	16
	according to 36.508 table 8.1.6.3-3 or 8.1.6.3-5

	G
	4
	according to 36.508 table 8.1.6.3-3 or 8.1.6.3-5 

	(offset
	0
	according to 36.508 table 8.1.6.3-3 or 8.1.6.3-5

	DCI subframe repetition number
	0
	according to 36.508 Table 8.1.3.6.1.2-2
( R = 2 according to the above


Based on above settings, a new Search Space starts at best at every 64 msec. One Search Space contains 8 candidates, with one candidate spanning 2 subframes (subframes used for transmission of NPSS/NSSS/NPBCH/SIB1-NB/SI messages excluded). 

( There might be periods of up to ~50 msec when no DCI message can be sent to the UE. 
2.3 Random Access Procedure

	...
	...
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	...
	
	
	...
	
	
	
	
	...

	
	...
	Type2 Common search space
	...
	Type2 Common search space
	...

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

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

	step 1
	
	step 2
	
	step 3
	
	step 4
	...


with

	tdelay1
	( 3ms (but up to ( 50ms depending on when the RACH preamble happens)

	tDCI
	( 2ms (for search space configuration with Rmax = 16 and DCI subframe repetition number = 0)

	tdelay2
	( 4ms

	tRAR
	( 1ms

	tdelay3
	( 12ms

	tMsg3
	( 2ms (multiples of 2ms)

	tdelay4
	( 3ms

	tdelay5
	( 13ms (depends on whether an UL or a DL transmission follows)


( The Random Access procedure (RA Msg1 to RA Msg4) takes more than 42 msec after detection of the RACH preamble (NOTE: in practice more than 100 msec seems to be reasonable). 

2.4 DL-SCH / NPDSCH

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	DCI format N1
	
	DL-DSCH
	
	ACK/NACK
	

	
	( tDCI (
	( tdelay1 (
	( tData (
	( tdelay2 (
	( tACK/NACK (
	


with

	tDCI
	( 2ms (for search space configuration with Rmax = 16 and DCI subframe repetition number = 0)

	tdelay1
	( 4ms

	tData
	( 1ms

	tdelay2
	( 12ms

	tACK/NACK
	( 2ms (multiples of 2ms)


( The transmission of a transport block in DL takes at least 19msec. 

2.5 UL-SCH / NPUSCH

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	DCI format N0
	
	UL-DSCH
	
	ACK/NACK
	

	
	( tDCI (
	( tdelay1 (
	( tData (
	( tdelay2 (
	
	


with

	tDCI
	( 2ms (for search space configuration with Rmax = 16 and DCI subframe repetition number = 0)

	tdelay1
	= 8ms

	tData
	( 2ms 

	tdelay2
	= 3ms


( The transmission of a transport block in UL takes at least 15 msec (not taking into account duration of ACK/NACK reporting). 
3 Conclusions

Compared to WB-EUTRA, most of the UE activities take much longer time to proceed. This needs to be factored in in the test case prose design. The aforementioned values can be used as guidelines to the prose specification work. 
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