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Introduction

While reviewing section 7.3.5 in the latest version of TR 45. 820 a number of editorial changes are identified. In additional following changes are also proposed:

· Replace § with the phrase subclause.

· Changed number of additional sharing network information from 4 to 5 to align with E-UTRAN.

· Correct the fact the PBCH is in the same position within each sub-frame of a frame.

It is proposed to incorporate the proposed changes to TR 45.820 v1.4.0.
First Change
7.3.5
Radio resource management

7.3.5.1
System Information

7.3.5.1.1
System Information scheduling

The System Information is carried on the downlink physical broadcast channel (PBCH), as described in subclause 7.3.2.3.1. The frame duration is 1280ms, and the frame is divided into eight sub-frames each of duration 160ms. The slot duration is 5ms.
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 and position of each physical resource is fixed within a sub-frame, see subclause 7.3.2.3 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 excluding CRC are then 36 and 60 bits respectively.

The Primary System Information (PSI) resource carries exclusively the Primary System Information message and the same PSI message is transmitted four 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. The same System Information block is transmitted four 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 message exceeds the size of the resource, the System Information message is split into multiple segments that can be sent in as many frames as necessary, time-multiplexed with the other System Information blocks.

7.3.5.1.2
System Information contents

The System Information in a cell falls into three categories: 

1. Mandatory System Information that needs to be broadcast every frame

2. Mandatory System Information that does not need to be broadcast every frame and 

3. Optional System Information is broadcast in a cell if required. 

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.
Depending on core network architecture choices, it may be necessary to broadcast system information for more than one type of system architecture (e.g. legacy Gb interface based core network architecture and small data optimised core network architecture).
7.3.5.1.2.1
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 7.3.5.1-1 Example 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
	


7.3.5.1.2.2 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 7.3.5.1-2, 7.3.5.1-3, 7.3.5.1-4 and 7.3.5.1-5.

-
System Information Type 1 carries general cell information for the common PLMN

-
System Information Type 2 carries cell configuration parameters
-
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 7.3.5.1-2 Example 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 7.3.5.1-3 Example 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 7.3.5.1-4 Example 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 7.3.5.1-5 Example 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. 

7.3.5.1.2.3 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 7.3.5.1-6.

-
System Information Type 5 carries network sharing information

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

Table 7.3.5.1-6 Example System Information Type 5
	Information Element
	Size (bits)
	Purpose

	Message ID
	4
	System information message identifier

	Segment count
	2
	

	Segment index
	2
	

	PLMN list
	3
	1..5 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 of this message required to broadcast maximum number of sharing PLMNs.

Broadcasting information to support frequency hopping for PUSCH is FFS. 

7.3.5.1.3
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 neighbour cell information and no network sharing is broadcast then only 4 message blocks need to be read thus taking around 5.1 seconds. 

7.3.5.3
Coverage class
7.3.5.3.1
Definition of coverage class
Multiple coverage classes are supported to adapt to different path and penetration losses experienced by different MSs. This allows MSs with better than worst case coupling loss to benefit from improved battery life and lower latency, and also benefits the network in terms of improved capacity. 

A one to one mapping is constructed between coverage class and PDCCH configuration, which mainly consists of MCS and resource information (sub-carrier*slot) of PDCCH. The PDCCH configurations are predefined in the specification. The codebook entry for the PDCCH configuration used in a cell is indicated by the information element PDCCH configuration signalled in system information.

7.3.5.3.2
Initial coverage class selection
The MS selects an appropriate coverage class for PDCCH monitoring based on its estimate of downlink signal quality. A typical procedure for the initial coverage class selection is:

Step-1: The MS performs measurements on downlink pilot signals and PSS/SSS contained in PSCH. (The detail measurements procedure will be described in downlink physical layer contributions.)
Step-2: The MS acquires the PDCCH configuration from system information.

Step-3: The MS chooses a candidate coverage class as the most probable class based on the downlink measurement results. 

Step-4: The MS attempts to decode the PDCCH messages corresponding to the candidate coverage class, and then applies the following decision process:
1> if a predefined decoding criterion (e.g., a predefined number of successive successful PDCCH decodes, or a predefined portion of successful PDCCH decodes) is met, the candidate coverage class is selected for subsequent communications; 
1> else
2> if the candidate coverage class index is lower than the highest available value, the MS alters the candidate coverage class to a higher index and returns to Step-4.
2> else the MS may trigger cell (re)selection.
7.3.5.3.3
Coverage class notification
The MS identity and its new coverage class need to be signalled so the network can update the coverage class for the MS.

When the MS performs random access, the estimated downlink coverage class is carried in the random access procedure to notify the base station.
The MS identity is passed to the base station in the first uplink transmission when using the RACH with Random Number procedure and the base station can identify the MS from the C-RNTI value used in the RACH with C-RNTI procedure.

7.3.5.3.4
Coverage class adaptation
When the MS detects that its coverage class is improving or deteriorating the updated coverage class can be signalled to the base station. Frequent signalling of coverage class changes, which could happen in mobility situations, can cause additional MS power consumption and signalling load to the base station and core network. Therefore, the signalling of the coverage class change should be minimized.
When a MS is in Idle Mode it wakes periodically to receive paging. The MS can use this awake time to determine whether its coverage class has changed and signal changes to the network before its paging occasion. The MS does not need to wake-up between paging occasions only to check whether its coverage class has changed and signal any changes to the network. 

While in Connected Mode a MS periodically decodes PDCCH messages at the current coverage class to determine if there is scheduling information addressed to it. The MS can use the similar decoding criterion as initial coverage class selection procedure to determine whether the coverage class has changed and signal changes to the network.
7.3.5.3.5.
Load balancing among coverage classes
Load balancing mechanisms among coverage classes may be employed, examples of which include: reconfiguring PDCCH resources associated with coverage classes, etc.
End of Change
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