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1 Introduction
At GERAN #64 a narrowband OFDMA [1] concept for GERAN Cellular IoT was proposed with an example of the physical layer design for broadcast channel. This paper provides further details doe system information and refines the physical resources for carrying the system information.
2 System Information content
The information to be broadcast in a cell falls into three categories: (1) Information that is to be broadcast in every frame, (2) information that is broadcast in every cell but does not need to be in every frame. (3) Optional information that is to be broadcast in a cell if needed. With this approach a number of different system information blocks to be broadcast in a cell are defined in the following sub-sections. Note that the message contents described in this document provide a general description and size if each message but the actual message coding using CSN.1 will be done as part of specification development.
2.1 Primary System Information

The primary system information (PSI) is broadcast in every frame in every cell and the contents of this primary system information message is shown in Table 1. The primary system information does not share physical downlink resource with any other message hence there is no need to add a message ID field. The primary 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
	Provides frame number, cycle length of 18h, 12m 16sec

	System Information Sequence No.
	4
	System information sequence. Used by the device to detect of previously received information has changed or not.

	PRACH configuration
	3
	Identifies PRACH configuration used in the cell.

	PDCCH configuration
	3
	Identifies PRACH configuration used in the cell.

	PDCCH Message Indication (PMI)
	10
	An indication if one or more mobile stations from groups 1 to 10 are to be sent MAC message on PDCCH

	Total
	36
	


2.2 Mandatory System Information

The mandatory information is broadcast in in every cell but not in necessarily in every frame. The information mandatory information messages share resources with optional system information messages hence message ID is necessary. There are two mandatory SI messages defined as shown in Table 2 and Table 3 and all information elements in these two messages are mandatory..
Table 2 System Information Type 1
	Information Element
	Size (bits)
	Purpose

	Message ID
	4
	

	Primary PLMN ID
	24
	

	Cell Identity
	16
	Applicable to Gb only.

	E-UTRAN Cell Identity
	28
	Applicable to S1 only

	RAC
	8
	Applicable Gb only

	Total
	52/56
	Gb/S1


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

	Message ID
	4
	

	LAC/TAC
	16
	

	Idle Mode DRX
	2
	Default PMI monitoring DRX cycle. 1, 2, 4 or 8s.

	Cell barred
	1
	

	Access Class Barring
	10
	

	Access control category
	2
	

	Access level minimum
	4
	

	Max RACH retrains
	2
	

	Max TX power
	4
	

	Network sharing supported
	1
	If set to supported then network sharing information provided in additional system information messages.

	Cell Type
	1
	Normal cell or extended cell.

	Total
	47
	


2.3 Optional system information messages

Optional information is broadcast if required and this is generally indicated in one of the mandatory system information messages. Currently only optional system information message defined is for network sharing but in future additional system information messages could be added to provide resources for broadcast services. System information type 3 defined in Table 4 provides network sharing information. If this message is broadcast (indicated in SI 2) then the first PLMN ID is mandatory while all other elements are optional.
Table 4 System Information Type 3
	Information Element
	Size (bits)
	Presence

	Message ID
	4
	M

	Segment count
	2
	M

	Segment index
	2
	M

	Primary PLMN ID 2
	24
	M

	Access Class Barring 2
	10
	O

	Access control category 2
	2
	O

	Primary PLMN ID 3
	24
	O

	Access Class Barring 3
	10
	O

	Access control category 3
	2
	O

	Primary PLMN ID 4
	24
	O

	Access Class Barring 4
	10
	O

	Access control category 4
	2
	O

	Primary PLMN ID 5
	24
	O

	Access Class Barring 5
	10
	O

	Access control category 5
	2
	O

	Total
	152
	


3 Physical resource and scheduling
A description of the physical broadcast channel (PBCH) was given in [1]. In that document it was proposed that 3 slots over 10 tones could be used for PBCH. But since then the amount of system information to be broadcast has been revised and as a result the PBCH design modified to allow for the characteristics defined in section 2.
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Figure 1 Physical resource allocation for broadcast information
Broadcast channel uses BPSK with 1/10 coding rate for PMI and BPSK with 1/9 coding rate for other SI messages. With physical resource allocation provided in Figure 1 above it can be seen that PSI resource block capacity is 44 bits and other SI capacity is 72 bits per frame. This means primary SI fits into one frame and each mandatory SI1 and 2 also fit into 1 frame each. Mandatory SI’s have still some spare bits to allow for additional parameters and CRC (assume this to be 8 bits) while Primary SI has space for 8-bit CRC.
Option SI 3, on the other hand, will split into multiple parts and can be sent in as many frames as necessary but occupying slots used for other PSIs. For now it is assumed that all mandatory and optional Sis are broadcast in round robin fashion while primary SI is always broadcast in every frame. 

If network does not support any optional system information messages then with the given design mobile station can read the primary and mandatory system information messages within 2 seconds and this is comparable with legacy GERAN. If network sharing is supported and taking the worst case of SI3 encoding then system information read time could be around 4 seconds (i.e. read 5 other system information blocks over 4 seconds) with round-robin scheme. If other system information scheduling schemes are used then this period could increase.

With primary SI broadcast immediately after PSCH of the last frame allows for the device to wake-up just before the PSCH slot, decode PSCH and if successful decode primary SI to determine if other Sis need to be re-read and also to determine if device is being paged by the network. If neither the device is paged nor SI have changed then device can go back to sleep immediately after last slot for PSI. This means at each wake-up the device only need to remain awake for 3 slots in good radio conditions.

4 Summary

This document presents design is system information messages as well and updated PBCH design to meet the system information requirements. The design is flexible to allow additional system information messages to be added in the future and at the same time optimised to minimise power consumption when all SIs have been read. Propose that the system information design be added to the TR [2] and the relevant text is included in [3].
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