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1 Introduction
TR 45.820 [1] contains description of the NB-OFDMA and NB-M2M concepts for GERAN Cellular IoT. At GERAN #66, a converged solution, which uses components of NB-OFDMA and NB-M2M, was proposed (see [2]). This paper provides details of the system information messages. 
2 System Information
2.1 System Information scheduling

The System Information is carried on the downlink physical broadcast channel (PBCH), as described in [4]. The frame structure defined in [4] is replicated in Figure 1 below for information. The frame duration is 1280ms, and the frame is divided into eight sub-frames each of duration 160ms. The slot duration is 5ms.
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Figure 1 System Information scheduling

There are two physical resources defined for carrying System Information. One physical resource carries the Primary System Information (PSI) message and the other physical resource carries the Secondary System Information (SSI) messages. The size of each physical resource is fixed. PBCH position within a sub-frame varies within a frame, see [4] for details. The size of the Primary System Information (PSI) is 44 bits including the 8-bit CRC while the size of the Secondary System Information (SSI) is 72 bits including the 12-bit CRC. The PSI and SSI payload sizes are 36 and 608 bits respectively.

The Primary System Information (PSI) resource carries exclusively the Primary System Information message which is repeated three times within a frame to provide coverage beyond 164 dB maximum coupling loss (MCL). 

The Secondary System Information (SSI) resource carries all other System Information and is also repeated three times within a frame. This allows the transmission of one System Information block every frame.  
As multiple System Information blocks are required, the System Information blocks are time-multiplexed; a simple round-robin mechanism with equal periodicity of for all instances of a system information message or some other scheme that gives shorter periodicity for some messages while longer periodicity for other messages can be defined. 

If the contents of a System Information block exceed the size of the resource, the block is split into multiple segments that can be sent in as many frames as necessary, time-multiplexed with the other System Information blocks.

2.2 System Information contents

The System Information in a cell falls in three categories: 
1. Mandatory System Information that need to be broadcast every frame
2. Mandatory System Information that does need to be broadcast every frame and 
3. Optional System Information. 
This classification leads to the definition of a set of System Information types belonging to one or the other categories as described in the following sub-clauses.
2.2.1 Primary System Information

The Primary System Information (PSI) message is broadcast in every frame in every cell.

The Primary System Information message does not share physical downlink resource with any other System Information message hence there is no need to add a message ID field. The Primary System Information message content is identical for Gb or S1 based architectures and all information elements are mandatory.
Table 1 Primary System Information message
	Information Element
	Size (bits)
	Purpose

	Frame number
	16
	16 bit frame number provides a cycle length of 23h, 18m 6.08sec

	System Information Sequence No.
	4
	System Information sequence number. 

Used by the device to detect change of other System Information.

	PDCCH Message Indication (PI)
	10
	An indication of which specific groups of MSs need to read the PDCCH 

	SI-change information 
	6
	Indication which system information types have changed as a bitmap

	Total
	36
	


2.2.2 Mandatory System Information

The Mandatory System Information is broadcast in every cell but not necessarily in every frame. The Mandatory System Information messages share the same downlink physical resource (Secondary System Information) with the Optional System Information messages; hence a message ID is necessary. 

There are four Mandatory System Information type messages defined, as shown in Table 2, Table 3, Table 4 and Table 5.
-
System Information Type 1 carries general cell information for the common PLMN

-
System Information Type 2 carries configuration parameters for the cell

-
System Information Type 3 radio resource configuration


System Information Type 4 carries neighbour cell information 
NOTE: 
Description of the System Information Type messages below is only an example. Depending on the details of the required parameters, more System Information type messages may be used to provide the cell configuration. 
Table 2 System Information Type 1

	Information Element
	Size (bits)
	Purpose

	Message ID
	4
	System information message identifier

	Common PLMN ID
	24
	Common PLMN ID: 24 bits

	Cell Identity
	16/28
	Gb: 16 bits, S1: 28 bits

	RAC
	8
	Gb only

	Cell barred
	1
	Indication barred/ not barred

	Network sharing supported
	1 
	Indication that network sharing information is broadcast in SI 5.

	Total
	54/66
	


Table 3 System Information Type 2
	
Information Element
	Size (bits)
	Purpose

	Message ID
	4
	System information message identifier

	LAC/TAC
	16
	LAC/TAC: 16 bits

	BS power
	7
	Downlink reference power of PSCH (in dBm) for path loss calculation

	Rxlev minimum
	6
	Minimum received level for cell selection/ reselection

	Access Class Barring
	12
	Comprises Access class barring (10 bits) and Acess control category (2 bits)

	Total
	45
	


Table 4 System Information Type 3
	
Information Element
	Size (bits)
	Purpose

	Message ID
	4
	System information message identifier

	Radio resource configuration 
	
	

	PDCCH configuration
	4
	Codebook entry for the PDCCH configuration used in the cell.

	PRACH configuration
	4
	Codebook entry for the PRACH configuration used in the cell.

	RACH parameters
	
	

	Max Tx power
	4
	Max transmit power

	Power ramping step
	2
	Power ramping for RACH

	Initial received target power
	6
	The power expected in BS side.

	Max RACH Tx 
	2
	Max number of RACH transmission

	RACH Response window size
	2
	Minimum time, in frames, to wait for response from BS

	RACH Retransmission spread
	4
	Parameter used to determine random duration for RACH retransmission.

	PUSCH power control parameters
	
	Parameters used to calculate MS transmit power used on PUSCH channel.

	P0-Nominal PUSCH
	8
	dBm.

	alpha
	3
	The is used to calculate MS transmit power in a PUSCH

	Paging  parameters
	
	

	Default paging cycle 
	4
	Cell default paging cycle (eg 1 frame, 2 frames, 5 frames or 10 frames)

	Other  parameters
	
	

	Reduced monitoring cycle
	3
	During ready timer.  This parameter defines the PDCCH monitoring period while ready timer is running. 

	Total
	50
	


Table 5 System Information Type 4
	Information Element
	Size (bits)
	Purpose

	Message ID
	4
	System information message identifier

	Segment count
	2
	

	Segment index
	2
	

	Cell reselection parameters
	
	

	q-hyst
	4
	Hysteresis value for cell ranking criteria

	s-search
	5
	Rx level threshold for neighbour cell measurements

	t-reselection
	3
	Cell reselection timer value

	Neighbour Cell List
	2
	0..3 neighbouring frequencies

	System
	2
	One of the following

	· Same as serving cell
	1
	

	· ARFCN/EARFCN indicator
	1
	0: indicates ARFCN, 1: indicates EARFCN

	· ARFCN/EARFCN
	10/18
	Either ARFCN or EARFCN.

	PCID list
	3
	Number of neighbouring cells on the given frequency

	· PCID list
	9
	Physical Cell IDs

	Total
	48/56
	For one instance containing one set of parameters for EARFCN


Broadcasting information to support frequency hopping is FFS. 

2.2.3 Optional System Information  

Optional System Information is only broadcast if required and this is indicated in one of the Mandatory System Information messages.
Currently only one Optional System Information message is defined, as shown in Table 6.

-
System Information Type 5 carries network sharing information

In the future, additional System Information messages can be added. 

Table 6 System Information Type 5
	Information Element
	Size (bits)
	Purpose

	Message ID
	4
	System information message identifier

	Segment count
	2
	

	Segment index
	2
	

	PLMN list
	2
	1..4 additional PLMNs

	
- PLMN ID
	24 
	PLMN Id: 24 bits

	
- Access Barring information
	12
	This consist of Access class barring (10 bits) and Access control category (2 bits)

	Total
	46
	For an instance containing information for 1 PLMN.


At most 4 instances this message required to broadcast maximum number of sharing PLMNs.

Broadcasting information to support frequency hopping is FFS. 

2.3 System Information Reading

Due to the Primary System Information being broadcast immediately after PSCH, the MS may wake-up just before the PSCH slot, decode the PSCH and, if successful, decode the PSI to determine if other SIs need to be re-read and whether the MS is being paged by the network. If neither the MS is paged nor any SI has changed, then the MS can go back to sleep immediately after receiving the PSI. This means that at each wake-up the MS needs to remain awake between 4 and 15 slots (but actual Rx on time would be 3 slots - 1 slot for PSCH and 2 slots for PSI) in normal coverage conditions.

One instance of Secondary SI message can be received in one frame. As System information Type 4 & 5 have up to four instances each thus in the worst case mobile would need to read 11 instances taking around 14 seconds. But if minimum neighbor cell information and no network sharing is broadcast then only 4 message blocks need to be read thus taking around 5.1 seconds. 
3 Summary
This document provides system information details for the converged solution. The system information design is similar to that defined in [1] for NB-OFDMA but extended to incorporate information needed for the converged physical layer design. It is proposed to include details of the system information in the TR [1] and a companion pCR is provided in [6].  
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