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 NB M2M - System Information Broadcasting 
for Cellular IoT
Introduction
At GERAN#62 a new SI was agreed to study Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things. 
An NB M2M radio access technology was introduced and a number of functions have been added to be supported in Rel-13, such as Access Control and network sharing. To support NB M2M access and these new functions, the way and the content of system information broadcast should be updated accordingly.
In this contribution, the specific design for system information is introduced, which is applicable for both Gb and S1-based architecture. 
This contribution is an update of [4] presented at GERAN#64. Major updates have been highlighted in red colour.
System Information Distribution
In NB M2M, PBSCH and EPBCH will be used for SI distribution.
PBSCH
PBSCH is designated for synchronization and broadcast information. Broadcast Information block 1 is the block in PBSCH to take the system information. One Broadcast Information block type 1 consists of 8 consecutive synchronization and broadcast burst as in Figure 1 and appears periodically in PBSCH with payload of 132 bits [7]. 
There are 8 Broadcast Information block type 1 in one super-frame. The frame number of the start of one Broadcast Information block in a super-frame can be calculated as
FR_start of block = N* 640/80, where N=0, 1, 2 …7.
Within one super-frame, the SI contained in block1 is supposed to be unchanged. With the calculation of start frame, the UE could quickly identify the location of block 1 in a super-frame.
UEs in a good coverage class may only need to receive one Broadcast Information block, whereas UEs in worse coverage classes may need to receive it more times, before they successfully decode the SI included in the block 1. For example if a UE needs to receive it four times, the total receive time for SI included in the Broadcast Information block type 1 is 2.56s (4 * 640ms).


Figure 1. Broadcast Information block type 1 structure
EPBCH
EPBCH is a dedicated physical channel for system information only. There are three types of Broadcast Information block on EPBCH [7]. The corresponding payloads are showed below in Table 1. The appearance of each type of Broadcast Information block on EPBCH is 640 ms as in Figure 2.
UEs in a good coverage class may only need to receive one type of Broadcast Information block for the SI contained in the block, whereas UEs in worse coverage classes may need to receive it more times, before they successfully decode the system information. For example if a UE needs to receive it for four times, the total receive time is 2.56s (4 * 640ms).
Table 1. Broadcast Information block type 2-4 and payload
	Broadcast Information block type
	Payload

	Broadcast Information block 2
	152 bits

	Broadcast Information block 3
	152 bits

	Broadcast Information block 4
	92 bits





Figure 2. Broadcast Information block type 2-4 structure
SI extension
Considering four Broadcast Information block types, at least four SI types could be supported separately. If there is any SI extension in form of new SI types or SI segmentation, the Broadcast Information blocks over EPBSCH could be multiplexed.
The multiplexing of Broadcast Information block 3 is showed in Figure 3. In this case, the allocation of SIs over EPBCH will be provided in the SI broadcast in PBSCH so that the UE could identify the SI cycle before reading the SIs in EPBCH. An SI cycle is identified as a period when all SIs in EPBCH appear at least once. 


Figure 3. Multiplexing of Broadcast Information block 3
The UE could perform any soft combining if necessary after the SI cycle is identified as in Figure 4.

 Figure 4. Reception of Extended SI 
The frame number of the start of SI cycle in a super-frame can be calculated as 
FR_start of SI cycle = N* Length of SI cycle /80, where N=0, 1, 2 …7.
The length of SI cycle could be selected from {640ms, 2*640ms, 4*640ms, 8*640} depending on the amount of SI types required. With the calculation of start frame, the UE could quickly identify the location of SI cycle in a super-frame. And the SIs included in one super-frame are supposed to be unchanged. 
Discussion on the dedicated Channel for system information
According to the comments from other company, it is not clear why a dedicated channel (EPBCH) is used for system information. It will be discussed in this section.
From the view of sourcing company, the selection of a dedicated channel is a solution specific design based on the concerns of SI receiving timer and the priority among SIs.
-	Receiving timer
In the NB M2M solution, the PBSCH is shared by the synchronization and broadcast information and only 132 bits available for broadcast information for each BI block (640ms). Considering the total size of the system information identified in [853] (~ 60 bytes), if only PBSCH is used for carrying system information, at least four BI block (4*640ms) is needed. 
If a UE needs to receive it for once, the total receiving time can be 2.56 s at least. If four times is needed, the total receiving time can be up to 10.24 s at least.
The receiving time for a certain SI/block can still be quite long as showed in the Figure 5.


Figure 5. SI Reception in PBSCH
-	Priority among different SIs
Besides the receiving time, the priority among the SIs is another factor need to be taken into account. The higher priority the SI is with, the less receiving time is preferred. The SI arranged in PBSCH should be with the high priority. And obviously it will occupy the PBSCH alone to guarantee the short latency.
For the other system information, it should be broadcast considering the worst coverage condition. It could be either broadcast on the PDSCH for the worst coverage or on a dedicated Channel like EPBCH. If it is allocated on PDSCH, it should follow the scheduling principle in [5] and appears by the indication of DCI. In such case, the receiving time of SIs is unpredictable and impact by the downlink resource occupation. From the view of sourcing company, it is disadvantage for the UE power saving. Consequently, a dedicated channel for other system information is preferable.
System Information Category
According to the System Information category provided in [1] and the size of payload for each Broadcast Information blocks, at least four different system information (SI) types are required by NB M2M.
System Information Type 1
This message is sent on the PBSCH by the network to all mobile stations within the cell giving providing information to allow UE early access to the network. The information elements are shown in Table 1, the total length of this category is 126 bits.
Table 2. SI1 message content
	Information element
	Description
	Presence
	length (bit)
	Range

	SI type
	　
	M
	3
	　

	Super Frame Number
	Super frame Number, updated for every super frame. 
	M
	16
	　

	SystemInfo Value Tag
	SI change indication. The change of this IE indicates the change of SI except the SI containing EAB.
	M
	6
	　

	SystemInfo Value Tag for EAB
	SI containing PLMN specific EAB, i.e. SI4, change indication.
	　
	6
	　

	Cell Access Related Info
	　
	M
	　
	　

	> PLMN identity
	　
	　
	24
	　

	> Cell Identity
	 
	　
	16
	　

	> Tracking Area Code (for
S1) / Routing Area Code(for Gb)
	　
	　
	16/8
	　

	> Cell Barred
	　
	　
	1
	　

	Access Control for Common PLMN [Note]
	　
	　
	　
	　

	> eab-Category
	　
	M
	2
	　

	> eab-BarringBitmap
	　
	M
	10
	　

	Cell Selection Parameters
	　
	　
	　
	　

	> q-RxLevMin
	Parameter “Qrxlevmin” in [4], Minimum required RX level in the cell.
	M
	6
	　

	SI type over EPBCH
	To indicate existence of SIs on Broadcast Information block type 3 and type 4.  
	　
	6
	　

	> SIs on Broadcast Information block type 3
	This IE indicates the SIx in order to send on the Broadcast Information block 3, each SI type is represented by 3bit and Max number of SIs is 4.
	M
	3*4
	SI3: 000
SI3 seg:100
SI4: 001
others are reserved

	> SIs on Broadcast Information block type 4
	This IE indicates the SIx in order to send on the Broadcast Information block 4, each SI type is represented by 3bit and Max number of SIs is 4.
	M
	3*4
	


Note: the Access Control Barring is FFS [6].
System Information Type 2
This message is sent on the EPBCH by the network to all mobile stations within the cell to provide information about L2/L3 specific parameters for data (re)transmission. The following table shows the contents as below with the total size of 125 bits, including five types of timers and three types of coverage class:
Table 3. SI2 message content
	Information element
	Description
	Presence
	length (bit)
	Range

	SI type
	　
	M
	3
	　

	SI type BCH
	To indicate existence of SIs on BCH_1 and BCH_2.  
	　
	6
	　

	PCCH Config
	　
	M
	　
	　

	> Default Paging Cycle
	Default paging cycle
	　
	4
	　

	> Ns list
	　
	　
	　
	1 to <maxNrOfCoverage category-1>

	>> Ns
	　
	　
	3
	　

	>N
	The IE is used to group the super frame where the DCI for PCCH can only appear.
	
	3
	ENUM{T,T/2,T/4,T/8}

	Uplink Power Control Parameter
	　
	O
	~16
	　

	Timer list
	Timer/Counter value list for different application
	O
	　
	1 to <maxNrOftimer>

	> timer 
	　
	　
	2
	　

	DCI configuration list
	　
	M
	　
	1 to <maxNrOfCoverage category>

	> DCI-interval
	　
	M
	4
	　

	> Channel ID
	　
	M
	4
	　

	> MCS
	　
	M
	3 4
	　

	> Common RACH config list
	　
	O
	　
	

	>> MCS  
	The MCS that the UE shall use when transmitting in the RACH allocation.
	　
	3
	　

	>> Channel ID
	The identity of uplink PHY channel
	
	6
	

	>> Resource allocation index
	Indicating RACH resource density in each super frame.
	
	3
	

	RACH control parameter
	　
	　
	　
	　

	> Power control
	Power control for RACH
	O
	~16
	　

	> Max trans
	Maximum number of RACH transmission
	M
	2
	　

	> Ra-ResponseWindowSize
	The window size based on DCI interval where corresponding Random Access Response will appear after random access initiation.
	M
	2
	　



System Information Type 3
This message is sent on the EPBCH by the network giving information of Network sharing. UE with FULL_MOCN capability shall be able to select a preferred PLMN based on the information shown in Table 4, assuming there is one Common PLMN with 4 additional PLMN supported, the total size of this information is 147 bits.
Table 4. SI3 message content
	Information element
	Description
	Presence
	length (bit)
	Range

	SI type
	
	M
	3
	

	Multi-PLMN list
	
	
	
	1 to <maxNrOfAdditionalPLMN>

	> PLMN-Identity
	
	M
	24
	

	> eab-Category
	
	M
	2
	

	> eab-BarringBitmap
	
	M
	10
	



System Information Type 4
This message is sent on the EPBCH by the network to all UEs within the cell giving information to support UE autonomous cell selection/reselection. The UE needs to get thresholds parameters and neighbour cell information as shown in Table 5. Assuming there are 5 neighbour cells, the total length of this category is 73 bits. If more than 5 neighbour cells need to be supported, SI3 could be split into several segments and therefore a Seg Number IE is included.
Table 5. SI4 message content
	Information element
	Description
	Presence
	length (bit)
	Range

	SI type
	　
	M
	3
	　

	Seg Number
	　
	　
	3
	　

	Cell Reselection Parameters
	Power level and offset for cell selection and reselection
	M
	　
	　

	> q-Hyst
	Parameter Qhyst in [2], Value in dB. Value dB1 corresponds to 1 dB, dB2 corresponds to 2 dB and so on.
	　
	4
	　

	> s-Search
	Parameter “SSearch” in [2].
	　
	5
	　

	> t-Reselection
	Parameter “Treselection” in [2].
	　
	3
	　

	Neighbour Cell Description
	　
	　
	　
	1 to <maxNrOfNeighbourCells>

	> Physical Cell ID
	As an intra-frequency system, Physical Cell Identity (PCI) will be used to identify a unique NB M2M cell. PCI is signalled in PSS and SSS on PBSCH
	M
	6
	　

	> Cell Reselect Offset
	Offset if available should be taken into account when evaluating candidates for cell re-selection. Parameter “Qoffset” in [2].
	O
	5
	　


Other System Information 
There may be other system information need to be broadcast. It is pending to the features identified.
System Information Reading
Idle mode
When cell reselection occurs, the UE shall read the necessary SIs in the selected cell.
When the UE wakes up from the Power Saving Mode, the UE shall read SI1. If the SystemInfo Value Tag field in the SI1 has been changed compared with last received SI1, the UE should read the corresponding SIs on EPBCH as indicated by the System value tag field. The 6 bit SystemInfo Value Tag guarantees a UEs knows whether the SI has been changed in the last 4.55 hours (2^6*4*640ms).
When the UE wakes up from DRX for Paging, the UE should read the SI1. If the System value tag field in the SI1 has been changed compared with the last received SI1, the UE should read the corresponding SIs on EPBCH as indicated by the System value tag field.
Connected mode
Normally SIs are changed infrequently. Considering the short period of a M2M data transmission, there is no benefit for the UE to read the SI during the transmission and it is proposed not to read SI in the connected mode for power saving.
Preliminary Analysis
Based on the above illustration, the maximum total size of all the system information is around 471 bits (~60bytes) and the whole system information can be obtained in 5.12s. As referred in [3], the acquisition of system information is calculated by mixing all these system information together and thus the time seems not quite long. However in sourcing company’s understanding, this is not realistic for future-proof design as different content categories might have different extension requirements, and some spare space might be reserved for additional functions introduced in the future. Therefore the frequency and split for each system information message shall consider the content category with their change probability/frequency, instead of simply mixing all the information together. This is under further investigation from the sourcing company.
Conclusion
In this contribution, the split of different system information messages and System Information distribution and receiving has been introduced. It is proposed to adopt the system information distribution and category in [8] for NB M2M into the TR.
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