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Discussion
1 Introduction

The present document presents the required SS behavior with regards to the NB-IoT Synchronisation Signals and System Information broadcasting in the signaling conformance test environment. 

2 Discussion
2.1 NPSS, NSSS, MIB-NB
SS requirement 1: The SS shall transmit NPSS in subframe 5 of every radio frame (36.211 clause 10.2.7.1.2).

SS requirement 2: The SS shall transmit NSSS in subframe 9 of every radio frame with even frame number (36.211 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 (36.331 clause 5.2.1.2a) ( 
SS requirement 3: The SS shall transmit the MIB-NB in the first subframe of every frame, with a periodicity of 640ms.
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2.2 SIB1-NB
The parameters for SIB1-NB scheduling are: 
	MasterInformationBlock-NB
	MIB

	
schedulingInfoSIB1-r13
	Depending on the value of schedulingInfoSIB1-r13 the TBS of SIB1-NB is 208, 328, 440 or 680 and there are 4, 8 or 16 repetitions

	Physical Cell ID (PCID)
	Derived by the UE from the NSSS;

Starting radio frame number for SIB1-NB repetitions depends on the PCID and the number of repetitions (see 36.213 Table 16.4.1.3-4)


The exact scheduling is not clearly specified by the core specs. However TS 36.331 clause 5.2.1.2a says:
"SIB1-NB transmission occurs in subframe #4 of every other frame in 16 continuous frames"

and 

"... and repetitions are made, equally spaced, within the 2560 ms period"

SS requirement 4: The SS shall transmit a single SIB1-NB in 16 sub-sequent frames independent from the TBS (with the parts of SIB1-NB are sent at subframe #4 of each frame).
Example: Assuming a PCID so that the radio frame for the first transmission of SIB1-NB is 0, SIB1-NB is contained in subframe #4 of the frames as shown below marked in green 
-
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8 Repetitions of SIB1-NB:
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16 Repetitions of SIB1-NB: All frames contain SIB1-NB at subframe #4.

2.3 SI messages containing SIB3-NB, SIB-4NB, SIB5-NB, SIB-14NB, SIB16-NB
Scheduling of SI messages is specified in TS 36.331 clause 5.2.1.2a and 5.2.3a.

All relevant parameters for SI scheduling are contained in SystemInformationBlockType1-NB; as SI messages are sent on NPDSCH, only "valid NB-IoT DL subframes" can be used according to TS36.213 clause 16.4: 

-
when SystemInformationBlockType1-NB does not specify downlinkBitmap-r13: subframes not containing NPSS/NSSS/NPBCH/SIB1-NB transmission.
-
when SystemInformationBlockType1-NB specifies downlinkBitmap-r13: subframes according to the bitmap.

Further parameters specific for SI scheduling (in SystemInformationBlockType1-NB): 
	si-WindowLength-r13
	ms160, ms320, ms480, ms640, ms960, ms1280, ms1600
	Window size for all SI messages

	si-RadioFrameOffset-r13
	1 .. 15
	Frame offset for scheduling; 

as "omit" means "no offset" si-RadioFrameOffset-r13 results in fact 0 ..15

	schedulingInfoList-r13
	SEQUENCE OF SchedulingInfo-NB-r13
	list of SI-messages to be scheduled:

According to 36.331 clause 5.2.3a the position of an SI-windows depends on the order of the order of the corresponding SI-message in the list: x = (n – 1)*w
( 

1st SI-window

x = 0
2nd SI-window

x = w
3rd SI-window

x = 2 * w
...

with w: si-WindowLength-r13

	
si-Periodicity-r13
	ms160, ms320, ms480, ms640, ms960, ms1280, ms1600
	Periodicity of the SI-message

	
si-RepetitionPattern-r13
	every2ndRF, every4thRF, every8thRF,  every16thRF
	Repetitions of the SI-message

	
sib-MappingInfo-r13
	SEQUENCE OF ENUMERATED: 
sibType3-NB-r13, sibType4-NB-r13, sibType5-NB-r13, sibType14-NB-r13, sibType16-NB-r13
	SIBs mapped to the SI-message;

Acc. to 36.331 clause 6.7.2 SIB2 is always present in the first SystemInformation message listed in the schedulingInfoList lis

	
si-TB-r13
	b56, b120, b208, b256, b328, b440, b552, b680
	Transport block size

NOTE: core specs do not clearly specify the number of subframes (NSF) to be used for transmission of SI-messages; but 36.331 clause 5.2.1.2a says

"Within the SI-window, the corresponding SI message can be transmitted a number of times over 2 or 8 consecutive NB-IoT downlink subframes depending on TBS"

Taking into account the relationship of NSF and ISF according to 36.213 table 16.4.1.3-1 (NSF=2 ↔ ISF=1, NSF=8 ↔ ISF=6) and 36.213 table 16.4.1.5.1-1, it is assumed: 

si-TB-r13

NSF
b56, b120
2

b208, b256, b328, b440, b552, b680
8




SS requirement 5: 

-
The SS shall transmit each SI-X message from the first valid NB-IoT DL subframe belonging to its associated SI-window and in NSF consecutive valid NB-IoT DL subframes.  

-
The SS shall use NSF = 2 only if si-TB-r13 is b56 or b120 for a given SI-message; the SS shall use NSF = 8 for all other cases.
-
The SS shall repeat the SI-X message transmission according to its associated repetition pattern and periodicity. 

Example:

· 16 Repetitions of SIB1-NB ( SIB1-NB in all subframes 4
· SystemInformationBlockType1-NB does not specify downlinkBitmap-r13
· si-WindowLength-r13: 


ms160
· si-RadioFrameOffset-r13: 


OFFSET (even value)

· 3 SI-messages:

· SI-Window 1:

· si-Periodicity-r13

rf64
· si-RepetitionPattern-r13
every2ndRF
· si-TB-r13


( NSF = 2
· SI-Window 2:

· si-Periodicity-r13

rf128
· si-RepetitionPattern-r13
every8thRF
· si-TB-r13


( NSF = 8
· SI-Window 3:

· si-Periodicity-r13

rf64
· si-RepetitionPattern-r13
every16thRF
· si-TB-r13


( NSF = 8
( According to 36.331 clause 5.2.3a the SI-windows start at subframe 0 of frame

SI1:
(H-SFN * 1024 + SFN) mod TSI1 = OFFSET; 

with TSI1 = rf64
SI2:
(H-SFN * 1024 + SFN) mod TSI2 = 16 + OFFSET; 
with TSI2 = rf128

SI3:
(H-SFN * 1024 + SFN) mod TSI3 = 32 + OFFSET; 
with TSI3 = rf64

	SI Window
	K
	SFN = K + OFFSET
	SFN = K + OFFSET + 1
	SFN = K + OFFSET + 2
	SFN = K + OFFSET + 3
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With

	
	NPBCH

	
	NPSS

	
	NSSS

	
	SIB1-NB

	
	SI-message 1

	
	SI-message 2

	
	SI-message 3


3 Conclusions

SS requirement 1: The SS shall transmit NPSS in subframe 5 of every radio frame (36.211 clause 10.2.7.1.2).

SS requirement 2: The SS shall transmit NSSS in subframe 9 of every radio frame with even frame number (36.211 clause 10.2.7.2.2).
SS requirement 3: The SS shall transmit the MIB-NB in the first subframe of every frame, with a periodicity of 640ms.
SS requirement 4: The SS shall transmit a single SIB1-NB in 16 sub-sequent frames independent from the TBS (with the parts of SIB1-NB are sent at subframe #4 of each frame).

SS requirement 5: 

-
The SS shall transmit each SI-X message from the first valid NB-IoT DL subframe belonging to its associated SI-window and in NSF consecutive valid NB-IoT DL subframes.  

-
The SS shall use NSF = 2 only if si-TB-r13 is b56 or b120 for a given SI-message; the SS shall use NSF = 8 for all other cases.
-
The SS shall repeat the SI-X message transmission according to its associated repetition pattern and periodicity. 
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