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First Change

7.2.2
NB OFDMA MAC layer 
7.2.2.1 
Overview

The MAC layer is expected to sit between LLC (Gb) or PDCP (S1) and the physical layer. The key functions of MAC layer are similar to those supported by GPRS:

· Cell selection and reselection

· Paging channel supervision

· Connection establishments for MO and MT data transfers

· Segmentation and reassembly of upper layer data packets

· Support acknowledged and unacknowledged modes for data transfer

Note: Acknowledge mode will be used for both uplink and downlink while unacknowledged mode is expected to be used on the downlink only for broadcast services. 

7.2.2.2 
Key MS states

A CIOT mobile station is considered to have three key states as shown in Figure 7.2.2.2-1. A brief description of the states are as follows:

· Macro sleep: In this state mobile station has released all radio connections, stopped all Rx and Tx activities, programmed itself to wake-up to read paging channel and only the sleep clock is expected to be running.

· Idle: In this state the mobile station is performing Rx activities such as paging channel, no Tx activity and no radio resources assigned to the mobile station for downlink data reception or uplink data transmission. The mobile station may enter micro sleep between Rx activities.

· Active: In this state the mobile station is able to perform both Rx and Tx activities, radio resources may be assigned for downlink or uplink data transfer.  The mobile station may enter micro sleep between Rx/Tx activities.
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Figure 7.2.2.2-1. Key mobile states

7.2.2.3

Physical to logical channel mapping

The physical channels are described in section 7.2.1 and the mapping of these physical channels to logical channels is shown in Figure 7.2.2.3-1.
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Figure 7.2.2.3-1. Physical to logical channel mapping

The logical channels are:

· RACH: Used to carry channel request from a mobile station wishing to request uplink resources to send uplink data

· DTCH: A data traffic channel to carry data packets between mobile station and base station. The uplink and downlink data traffic channels are independently assigned.

· DCCH: A control channel that carries control messages from network to mobile (such as assignment messages, acknowledgements) and acknowledgements from mobile station to the network.

· BCCH: this channel carries frame number, system information and DCCH message indication from network to mobile station

· PCH: This channel carries paging message from network to mobile station

· SCH: This channel carries synchronization information and physical cell ID
7.2.2.4

System acquisition procedure

7.2.2.4.1

Overview of acquisition procedure
A new mobile station or a mobile station that wakes up from sleep and loses synchronization should first perform downlink synchronize to the base station by searching for the presence of PSS on PSCH, getting coarse synchronization from PSS and then fine synchronization from SSS. From SSS, the mobile station retrieves the special slot index and Physical Cell ID (PCID), which allows the mobile station to go to power saving until PBCH arrives. The mobile station then decodes PBCH for system information acquisition.
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Figure 7.2.2.4.1-1. Procedure of system acquisition and synchronization

There are two physical resources defined for carrying system information as described in 7.2.1.3.1. One physical resource carries the Primary System Information message and the other physical resource carries the remaining system messages.
7.2.2.4.2
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 7.2.2.4.2-1. 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 7.2.2.4.2-1 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 PDCCH 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


7.2.2.4.3
Mandatory System Information

The mandatory information is broadcast in every cell but not necessarily in every frame. The mandatory information messages share resources with optional system information messages hence message ID is necessary. There are two mandatory system information messages defined as shown in Table 7.2.2.4.3-1 and Table 7.2.2.4.3-2 and all information elements in these two messages are mandatory.

Table 7.2.2.4.3-1 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


Table 7.2.2.4.3-2 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.


7.2.2.4.4
Optional System Information

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 7.2.2.4.4-1 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 7.2.2.4.4-1 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


7.2.2.4.5
System information scheduling

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 system information messages need to be re-read and also to determine if device is being paged by the network. If neither the device is paged nor other system information 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.

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.

Performance evaluation of PBCH is FFS.

Providing neighbour cell information is FFS.
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Figure 7.2.2.4.5-1. Round-robin SI scheduling (a) No SI 3, (b) One segment SI 3

7.2.2.5

Uplink PDU transfer procedure

7.2.2.5.1
General procedure

A mobile station in idle mode wish to transfer data on the uplink has to follow the general steps shown in Figure 7.2.2.5.1-1. 
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Figure 7.2.2.5.1-1. Procedure for uplink data transfer

Mobile station may perform synchronisation and read Primary System Information message to determine if system information has changed before sending channel request. If system information has changed then mobile station first re-acquires system information message before attempting access.

7.2.2.5.2
Random Access
A mobile station randomly selects a resource block from the group of resource blocks corresponding to its coverage class (see 7.2.1.4.1) and sends a channel request. A number of different channel request coding are defined as shown in Table 7.2.2.5.2-1.
Table 7.2.2.5.2-1 Channel request contents
	Bit string
	Purpose

	1 <Volume: 2> <Coverage: 3> <Random: 10> <CRC: 8>
	Uplink data transfer

	0 0 0 <Coverage: 3> <Random: 10> <CRC: 8>
	Page response

	0 0 1 <Coverage: 3> <Random: 10> <CRC: 8>
	Attach/Registration update

	0 1 0 <Coverage: 3> <Random: 10> <CRC: 8>
	Other signaling/SMS

	0 1 1 0 <Coverage: 3> <Random: 9> <CRC: 8>
	Exception reporting

	0 1 1 1 x x x x x x x x x x x x x x x x x x x x
	Spare


where

· Volume: This provides an indication of the volume of data to be transmitted by the device so that network can allocate resources accordingly. This field is only relevant for user data transfer and not necessary for signaling purposes. An example coding of this field is as follows:

· 1 to 49 bytes

· 50 to 99 bytes

· 10
100 to 199 bytes

· 11
More than 199 bytes

· Coverage: This field allows for further sub-division of the coverage class. The main coverage class is provided by the modulation and coding scheme used by the device. There are 4 modulation and coding schemes and the coverage field allows each modulation to have up to 8 sub divisions of each coverage area identified by the modulation scheme.

· Random: this field allows differentiation of devices making access for the same service within the same frame. The size of this field ensures that there is very small probability (<0.00098 for most cases) of two devices sending the same channel request contents within a given frame. Exception reporting expected to be quite a rare event hence in this case the probability is <0.002.

· CRC: Checksum to provide further protection for incorrect decoding
After having transmitted channel request, mobile station starts to monitor the PDCCH for response from the network. Once mobile station receives assignment message it then starts transmission of data blocks on the uplink assigned resources from the designated period. A typical access procedure and data transfer is depicted in Figure 7.2.2.5.2-1.
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Figure 7.2.2.5.2-1. Procedure for uplink data transfer

Mobile station may transmit channel request after a timeout. If the permitted number of channel requests have been retransmitted then mobile station may abort access procedure. 

Timeout period for waiting for response from network is FFS.

7.2.2.6 
Paging procedure

It is highly desirable for a CIoT capable mobile station to minimize wake period to conserve energy. For this reason a downlink message indication (called PDCCH Message Indication) is broadcast together with other essential information that is required by the mobile station upon wake-up (see section 7.2.2.4.1). Broadcasting downlink message indication rather than paging message minimizes the amount of information mobile station needs to receive upon wake-up when it is not paged. Furthermore, the PDCCH Message Indication (PMI) allows for network to send paging message, downlink PDSCH assignment message or other kind of messages to mobile stations in idle mode.
7.2.2.6.1
PDCCH Message Indication

The PMI information element is broadcast in Primary System Information message and this information element is 10 bits. Which of the 10 paging groups a mobile station belongs to is determined by the last digit of the IMSI and each bit in the information element corresponds to a different paging group as shown in Table 7.2.2.6.1-1.

Table 7.2.2.6.1-1 Primary Message Indication coding
	
	Bit 9
	Bit 8
	Bit 7
	Bit 6
	Bit 5
	Bit 4
	Bit 3
	Bit 2
	Bit 1
	Bit 0

	Paging Group
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1

	IMSI mod 10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0


Note: Time dependent relationship between paging group and bit position within PMI is FFS.


7.2.2.6.2
PDCCH Own Group

The PDCCH resource is segmented according to coverage class as it was described in section 7.2.1.3.2 and the PDCCH resource split amongst different categories is shown in Figure 7.2.2.6.1-1.
A mobile station needs to receive the PDCCH resource block from its’ own mobile station category.

Note: Each mobile station coverage class can be further sub-divided into 8 sub-categories and the mapping between PRACH coverage to PDCCH category is to be defined in the specification.

A default idle mode DRX cycle is broadcast in system information and using this parameter the mobile station can compute the frame in which to receive the PMI and the corresponding PDCCH category resource when required. It is also possible to reduce the processing in the mobile station to decode only the required PDCCH resource block, when required, with the following approach.

PDCCHRB = (IMSI mod 1000) mod KRB
where

KRB is the number of transmission blocks for the corresponding PDCCH category.

PDCCHRB is the transmission block that may contain downlink control message for the mobile station.

Note: Time dependent relationship between paging group and resource block within PDCCH category is FFS.
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Figure 7.2.2.6.1-1 Example PDCCH Resource allocation

Note: Category 4 and 5 use half a slot each.

7.2.2.7 
Downlink PDU transfer procedure

The downlink data transfer begins by mobile station receiving an assignment for downlink PDSCH and this assignment is received on the downlink PDCCH. A mobile station in idle mode for whom network knows the serving cell can be sent downlink assignment directly during mobile stations own paging group. In this case a mobile station would first receive the PSI message on PBCH which would indicate that mobile station should receive PDCCH corresponding to its’ coverage class and look for any downlink message addressing the mobile station. On the PDCCH mobile station then receives downlink assignment message and then mobile station proceeds to receive the corresponding downlink PDSCH resource block. Note that every mobile station in idle mode is able to receive PSI and downlink assignment message within the same frame. Furthermore, depending on the PDSCH and PUCCH resource assignments, a mobile station may be able to receive the downlink data packet and send acknowledgement within the same frame.

How network knows which cell mobile is in idle mode is FFS.
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Figure 7.2.2.7-1. Procedure for initiating downlink data transfer
7.2.2.8 
Upper layer PDU segmentation and reassembly

The upper layer PDU segmentation and reassembly will be done in a similar way to that done in legacy GPRS. The MAC header supports upper layer PDU delimitation.

End of Change
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