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pCR 45.820 NB CIoT - Link Layer:  Miscellaneous Corrections 
1.
Introduction
This document introduces some miscellaneous corrections for the NB CIoT link layer:
-
correction of formatting and spelling mistakes
-
consistent numbering of tables and figures

-
alignment of the MAC control message names across the whole section
-
consistent use of the terminology "MS"

-
correction of discrepancies between the physical layer and the link layer

2.
Proposed text for the TR
	First change


7.3.4
 Link layer aspects
7.3.4.1

Overview

The Link Layer sits between LLC (Gb) or PDCP (S1) and the physical layer.

The Link Layer is optimised for Cellular IoT devices, characterised by low complexity, low throughput, extended coverage and long battery life, and follows the design principles below:

-
The procedures are minimised to reduce complexity and power consumption:

-
System information acquisition;

-
Cell selection and reselection; 

-
Paging channel supervision.

-
RRM provides high efficiency of resource utilisation:

-
RACH procedure;

-
Dynamic resource scheduling.

-
Basic reliability is needed for data transmission:

-
Segmentation and re-assembly;

-
Acknowledged mode data transfer using single process re-transmission mechanism.

-
Short and long sleep modes are supported to reduce power consumption. 

Unless specified otherwise, the MAC design is common to both Gb and S1 architectures.
NOTE:
Some functions, e.g. system information acquisition, cell selection and reselection, and paging supervision, may reside in another sub-layer, e.g. RRC, in the final design.
7.3.4.2

MS operating modes

A NB-CIoT MS operates in one of three modes:

-
Connected Mode

-
Idle Mode 

-
Power Saving Mode

In Connected Mode, the MS is receiving PDCCH messages and transferring MAC PDUs with NAS signalling and higher layer data PDUs over the air interface. 

The MS can be configured to transition to either Idle Mode or Power Saving Mode from Connected Mode when activity has not taken place for some time, using a Connected Mode Release Timer.  The Connected Mode Release Timer value is either the same as the READY timer in the Gb architecture, or is broadcast in the system information, or is the default value in the S1 architecture. The choice of Idle Mode or Power Saving Mode is determined by whether Active Timer has been set and its value.
In Idle Mode, the MS can be reached from the network and the base station can trigger the MS to move back to Connected Mode. The MS may also transition from Idle Mode to Power Saving Mode if the Active Timer is running and expires.  In Idle Mode, the MS wakes to receive paging messages from the base station at Paging Occasions. If the MS is paged then it performs a random access procedure, see 7.3.4.5, and enters Connected Mode. 

In Power Saving Mode, the MS is unreachable from the network.  The network has to wait for the MS to wake and contact the base station using random access with random number procedure and enter Connected Mode.

An overview of the three modes and the transitions between modes is shown in figure 7.3.4.2-1.
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Figure 7.3.4.2-1: MS Operating Modes

If the MS is in Idle Mode or Power Saving Mode and has uplink traffic then the MS will either:

-
Initiate a random access procedure to enter Connected Mode, and then transmit the uplink traffic; or

-
If the uplink traffic is latency tolerant then it may wait until more uplink traffic is available, or wait until it has to respond to paging or it needs to perform another procedure, for example RAU/TAU, before transmitting the uplink traffic.
In all the modes, the MS can use random access to connect to the base station and request resource. If the MS has a C-RNTI then the MS can use the random access with C-RNTI procedure, otherwise it will use the random access with random number procedure.

While the MS is in Idle Mode or Power Saving Mode, the MS will use deep sleep and will configure itself to wake-up to receive paging or perform another procedure, for example RAU/TAU. During deep sleep it is expected that only a sleep clock is running. When the MS is in Connected Mode and is not transmitting or receiving, it may use light sleep to reduce power consumption.

7.3.4.3

Overview of the radio protocol structure
7.3.4.3.1
Gb-based architecture

7.3.4.3.1.1
Radio protocol structure

The Gb architecture is connection-less and the user plane is terminated in the Non Access Stratum.  

Figure 7.3.4.3-1 illustrates the radio protocol structure in the Gb based architecture.
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Figure 7.3.4.3-1: Radio protocol structure in Gb architecture

The radio access layer above the physical layer consists just of the MAC sub-layer, which handles both link layer and radio resource management functions. 
The MAC sub-layer is a new protocol in the NB-CIoT solution and the details are described in subclauses 7.3.4 and 7.3.5.

 7.3.4.3.1.2
Logical channel mapping
As the Gb interface is connection-less, data and signalling are terminated at the MAC layer in the radio interface. 
Logical channels are determined by the information carried within the physical channel. Logical channels are used to carry data and signalling information. Different logical channels are mapped in either direction onto physical channels.
An example of channel mapping between logical channels and physical channels is shown in Figure 7.3.4.3-2. The uplink mapping is shown with red lines, and the downlink mapping is shown with blue lines.
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Figure 7.3.4.3-2: Channel mapping for the Gb-based architecture

-
Physical channels
 The physical channels are described in subclauses 7.3.2 and 7.3.3.
-
Logical channels
The logical channels are listed in Table 7.3.4.3-1. Each logical channel type defines which information is transferred on the radio interface.
Table 7.3.4.3-1: Logical channels for the Gb-based architecture
	Logical channel name
	Acronym
	Downlink
	Uplink
	Description

	Random Access Channel
	RACH
	
	X
	Carry random access request messages

	Dedicated Traffic Channel
	DTCH
	X
	X
	Carry upper layer data (user data and NAS signalling)  

	Dedicated Control Channel
	DCCH
	X
	X
	Carry control messages (e.g. UL/DL assignment, UL/DL acknowledgment, …)

	Paging Control Channel
	PCCH
	X
	
	Carry paging messages 

	Broadcast Control Channel
	BCCH
	X
	
	Carry system information

	Synchronisation Channel
	SCH
	X
	
	Carry synchronisation information and the physical cell ID 


7.3.4.3.2
S1-based architecture

7.3.4.3.2.1
Radio protocol structure

The S1 architecture is connection-oriented. The user plane and the control plane are terminated in the Access Stratum. 

Figure 7.3.4.3-3 illustrates the radio protocol structure in the S1 architecture.
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Figure 7.3.4.3-3: Radio protocol structure in S1 architecture

In the S1 based architecture, the radio protocol structure is split between user plane and control plane. 

Layer 2 consists of the Medium Access Control (MAC) sub-layer and the Packet Data Convergence Protocol (PDCP) sub-layer. The MAC sub-layer provides the link layer functions, and the PDCP sub-layer provides header compression (user plane only) and security functions. Layer 2 applies to both user plane and control plane.

In the control plane, the Radio Resource Control (RRC) sub-layer terminates the Layer 3 dedicated signalling between the MS and the base station and handles the functions related to the control of the RRC connection as well as the transport of the NAS signalling.  The MAC sub-layer terminates the common control channels and handles the functions related to the radio connection. 

The RRC sub-layer is very simple compared to the equivalent protocol specified in E-UTRAN in TS 36.331 [8]. There is no support for inter-RAT inter-working and network controlled mobility, and only functions related to the control of the RRC connection (RRC connection, data bearer and security) and transport of the NAS signalling are needed. The RRC signalling is very limited and only one signalling radio bearer (SRB) is needed to carry the control plane signalling over DCCH.  The devices support a single Default EPS Bearer Context, thus only one data radio bearer (DRB) is needed to carry the user plane data over DTCH.

The PDCP sub-layer is a simplified version of the protocol specified in E-UTRAN in TS 36.323 [18]. The following PDCP procedures are supported: UL data transfer, DL data transfer, PDCP Discard, Header compression and decompression, Ciphering and deciphering, Integrity protection and verification procedures.

The MAC sub-layer is a new protocol in the NB-CIoT solution and the details are described in subclauses 7.3.4 and 7.3.5.

7.3.4.3.2.2
Logical channel mapping
Logical channels are determined by the information carried within the physical channel. Logical channels are used to carry data and signalling information. Different logical channels are mapped in either direction onto physical channels

As the S1 interface is connection oriented, data and signalling are terminated in the radio interface. The PDCP and RRC protocols are maintained to avoid changes on the S1 interface and modifications to the MME. Data and signalling are carried on logical channels between the PDCP/RRC layer and the MAC layer. 
An example of channel mapping between logical channels and physical channels is shown in Figure 7.3.4.3-4. The uplink mapping is shown with red lines, and the downlink mapping is shown with blue lines.
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Figure 7.3.4.3-4: Channel mapping for the S1-based architecture
NOTE:
The transport channel details have been omitted from figure 7.3.4.3-4 to align with figure 7.3.4.3-2 for Gb-based architecture.
-
Physical channels
The physical channels are described in subclauses 7.3.2 and 7.3.3.
-
Logical channels
The logical channels are listed in Table 7.3.4.3-2. Each logical channel type defines which information is transferred on the radio interface.
Table 7.3.4.3-2: Logical channels for the S1-based architecture
	Logical channel name
	Acronym
	Downlink
	Uplink
	Description

	Random Access Channel
	RACH
	
	X
	Carry random access request messages

	Dedicated Traffic Channel
	DTCH
	X
	X
	Carry user data packets 

	Dedicated Control Channel
	DCCH
	X
	X
	Carry control messages ( (e.g. UL/DL assignment, UL/DL acknowledgment, RRC signalling, NAS signalling)

	Paging Control Channel
	PCCH
	X
	
	Carry paging messages 

	Broadcast Control Channel
	BCCH
	X
	
	Carry system information

	Synchronisation Channel
	SCH
	X
	
	Carry synchronisation information and the physical cell ID 


7.3.4.4
Scheduling
In NB-CIoT, the base station uses the Physical Downlink Control Channel (PDCCH) to schedule uplink and downlink transmission allocations, including normal data transmission, RACH Response, paging messages and other control messages.
The PDCCH channel occupies multiple subcarriers and slots, and is used to convey multiple PDCCH messages. A PDCCH message corresponds to the scheduling of one MS and is encoded independently.  The structure of the PDCCH messages is indicated by the PDCCH configuration field in System Information. 

Figure 7.3.4.4-1 is an example of scheduling for a MS.
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Figure 7.3.4.4-1: Example Scheduling
In Figure 7.3.4.4-1, a MS receives the System Information (SI) after synchronizing with the base station (1). The SI provides details of the structure of PDCCH for each coverage class in each sub-frame. The MS then receives the PDCCH message on the PDCCH corresponding to its coverage class (e.g., CC2, as shown in Figure 2). The PDCCH message provides the timing and subcarriers for a downlink allocation (DL1 (2)) or an uplink (UL1 (3)) allocation. The MS then receives DL1 or transmits UL1. 

7.3.4.4.1
PDCCH structure and reading on MS

In NB-CIoT, the overall PDCCH resource in a sub-frame is segmented into coverage class resource blocks for multiple coverage classes, and then further divided into PDCCH message resource blocks for multiple PDCCH messages. 
Multiple PDCCH messages may be present for each coverage class. A single PDCCH message conveys the control information for scheduling one specific MS or scheduling a response to one RACH request message. 

For improved MS energy consumption, it is important to minimize the number of PDCCH message resource blocks that the MS needs to read in the corresponding coverage class.  Therefore, a mechanism is used to map the control information (scheduling information) onto a set of candidate PDCCH message resource blocks. A Hash function is used to achieve the mapping. For the scheduling of a paging message or of a normal DL/UL transmission, the MS ID (e.g. IMSI, TLLI/S-TMSI, 
C-RNTI) is used as the input to the hash function. For the scheduling of a RACH response, the random number in the corresponding RACH request is used as the input of the hash function.  Based on this mapping mechanism, only a subset of the PDCCH message resource blocks can be used by the base station for the scheduling of the MS and, therefore, only these PDCCH message resource blocks need to be read by the MS.
7.3.4.5

Random access procedure

7.3.4.5.1
RACH configuration

RACH resources are scheduled statically using system information broadcast. Different RACH resources can be allocated for each coverage class. The MS chooses a RACH allocation based on network indication, configuration, or desired coverage class. RACH is mapped onto PUSCH.
When a MS performs a random access procedure it has to select a RACH resource to use.  The selection of the RACH resource is based on information available to the MS, including the received signal quality of PSCH and PBCH.
7.3.4.5.2
Random access procedure with random number

When the MS is not in connected mode, it can initiate a random access procedure with a random number. 
This procedure performs several operations:

· establishes a radio connection between the MS and the base station, 
· transfers the MS identity and the first uplink MAC PDU, 

· can assign a connection identifier C-RNTI to be used for PDCCH messages from the base station for the MS, including uplink and downlink allocations, and
· performs contention resolution.

An overview of the procedure is shown in Figure 7.3.4.5-1.
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Figure 7.3.4.5-1: Random access with random number contention resolution procedure 
The MS transmits a Random Access Request message to the base station to initiate the random access procedure with random number.  The MS transmits a random number, access cause, coverage class for PDCCH, and BSR when transmitting a Random Access Request, and then monitors PDCCH for a response from the base station.  The base station uses the parameters in the Random Access Request to schedule the required uplink resources.

When the base station receives a Random Access Request message it responds with an Uplink Assignment PDCCH message.  The Uplink Assignment message contains the random number from the Random Access Request, RACH resource identification of the RACH resource used for the Random Access Request message and an uplink allocation.  

The MS receives the Uplink Assignment PDCCH message and compares the contents with the random number and RACH resource used to transmit Random Access Request.  If the random number and identification of the RACH resource matches then the base station has responded, otherwise the MS continues to decode PDCCH messages looking for a response. 

The MS then transmits a MAC PDU containing its identity (e.g. TLLI or S-TMSI) and higher layer data or signalling in the uplink allocation.  After transmitting in the uplink allocation, the MS continues to monitor PDCCH.

The base station responds to the uplink transmission with an Uplink Acknowledgement PDCCH message. The Uplink Acknowledgement message confirms reception of the uplink MAC PDU containing the MS identity.  The MS verifies the received Uplink Acknowledgement message contents and if the received identity matches the identity MS sent in the uplink packet then contention resolution has completed successfully. 

During the random access with random number procedure, a C-RNTI value can be assigned to the MS in the Uplink Assignment message and confirmed in the Uplink Acknowledgement message. After the Uplink Acknowledgement message the C-RNTI can be used to address the MS in all subsequent control messages.

If the random access procedure fails then the MS waits for a period of time before transmitting another Random Access Request. When the MS transmits a new Random Access Request message, the MS may increase the transmit power or switch to a different coverage class.
7.3.4.5.3
Random access procedure with C-RNTI
The MS uses this procedure to request uplink PUSCH resources when it has a valid C-RNTI. An overview of the procedure is shown in Figure 7.3.4.5.2.
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Figure 7.3.4.5-2: Random access procedure with C-RNTI

The MS transmits a Random Access Request message including its C-RNTI. The access cause and BSR provide information for the base station to schedule the required uplink resources for the MS. The C-RNTI is a unique MS identifier in the cell, and, therefore, the base station can directly schedule an uplink resource allocation for the MS using the C-RNTI.  

7.3.4.5.4
Random Access Request
The fields of the Random Access Request message are shown in Table 7.3.4.5-1.

Table 7.3.4.5-1: Example of Random Access Request Fields

	Field
	Description

	Type
	Random access type (i.e. with random number or with C-RNTI)

	MS Identity
	Random number or C-RNTI

	BSR
	Buffer Status Report: Level of uplink data buffered in the MS.

	Access Cause
	Random access cause

	Coverage class
	Coverage class for PDCCH

	Uplink MAC PDU V(S)
	Uplink V(S) value of MAC PDU MS is requesting access to transmit.  Only used with random access with C-RNTI procedure.


7.3.4.6
Data transfer procedure
7.3.4.6.1
General

7.3.4.6.1.1
Sub-modes of Connected Mode 

The data transfer procedure applies to MSs in Connected Mode.
Connected Mode has two sub-modes:

-
All PDCCH Reception (APR); and

-
Reduced PDCCH Reception (RPR).

The relationship between Connected Mode, Idle Mode or Power Save Mode, and the sub-modes of Connected Mode is shown in Figure 7.3.4.6-1.
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Figure 7.3.4.6-1: Connected Mode PDCCH Monitoring

When the MS enters Connected Mode it uses APR.  Once data transfer and signalling is complete the MS enters RPR. In RPR the MS receives a subset of the PDCCHs transmitted by the base station. RPR allows the MS to be addressed by the base station while saving power in the MS, should there be additional data transfer, for example application acknowledgements to uplink messages.

The successful completion of an uplink data transfer is signalled by the base station via a feedback indication in the PDCCH following the uplink data transmission. 

The successful completion of a downlink data transfer is signalled by the MS via the transmission of a MAC PDU which, in turn, is acknowledged by the base station in the next PDCCH as per the mechanism used for uplink MAC transfer.

Thus, the base station acknowledgement of the last uplink data transfer is an unambiguous trigger to enter RPR.

The MS should only enter RPR when there is no more data pending for transfer (uplink or downlink). The MS can inform the base station when it transmits the last uplink data packet.  If downlink data is pending, the base station should schedule a resource allocation for it.

If the MS is in Connected Mode and new uplink data is to be sent but the base station is not providing scheduled resources for the MS, for example because the base station has provided all the resources indicated by the last BSR report from the MS, then the MS may use the random access procedure to request additional uplink resources. If the MS has been assigned a C-RNTI value it can use the random access procedure with C-RNTI to request resource, otherwise the random access with random number procedure is used.
While in RPR mode, the PDCCHs which the MS receives are called Anchor PDCCHs. The anchor PDCCHs serve a similar purpose to the paging occasions in Idle Mode, i.e. they define a point in time where the MS can be contacted by the base station.

Anchor PDCCHs are defined by a RPR cycle (e.g. power of 2 number of frames) and the use of MS specific information (e.g. MS C-RNTI, or TLLI/S-TMSI or time of the PDCCH carrying the feedback information) to prevent all MSs from attempting to use the same PDCCH as an anchor.

The RPR cycle used in the RPR sub-mode does not have any associated MS specific latency requirements. It defines the frequency of opportunities the base station has for addressing the MSs in Connected Mode, and it should be short enough so as not to substantially impact the MS battery consumption (over time) or have an impact on the legacy core network (e.g. NAS retransmission timers), so is typically in the range of a few seconds. The length of the RPR cycle is common to all MSs and can be broadcast in the system information.

7.3.4.6.1.2 
C-RNTI in Connected Mode

When the MS has been assigned a C-RNTI, it can be used to schedule resources for the MS by the base station or it can be used by the MS in the random access with C-RNTI procedure.

The C-RNTI is assigned by the base station during the random access with random number procedure, see 7.3.4.5, or can optionally be assigned to the MS after it has entered APR sub-mode of Connected Mode.

When the MS has a C-RNTI, it can use the random access with C-RNTI to request additional resource in Connected Mode or signal change of coverage conditions, see 7.3.5.3.

When the MS enters RPR it starts a C-RNTI Release Timer.  After the C-RNTI Release Timer expires the C-RNTI value is discarded; any procedure which uses C-RNTI is not permitted, e.g. random access with C-RNTI, PDCCH downlink or uplink assignments.

In the Gb architecture, the C-RNTI Release Timer value is not related to the Connected Mode Release Timer value, see 7.3.4.2, and can be shorter or longer. In the S1 architecture, the C-RNTI Release Timer is the same as the Connected Mode Release Timer.  The C-RNTI Release Timer can be broadcast in system information or a default value can be used.

When the MS leaves Connected Mode, the C-RNTI value is discarded and cannot be used by the MS.

7.3.4.6.2
Segmentation and re-assembly
The segmentation function is responsible for segmenting upper layer (PDCP or LLC) PDUs into MAC PDUs before transmission. The reassembly function reassembles the upper layer PDUs in the proper order at the receiving end.
The general overview of this function is shown in Figure 7.3.4.6-2.
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Figure 7.3.4.6-2: Segmentation and re-assembly overview

Segmentation

Segmentation allows transmitting an upper layer PDU over multiple MAC PDUs, whereas concatenation allows transmitting multiple upper layer PDUs or segments of upper layer PDUs within one MAC PDU. The upper layer PDUs, or segments of upper layer PDUs, are placed in the MAC PDUs in the same order as received from the upper layers. Segmentation information (e.g. sequence number, length indicator) is included in the MAC header as described in subclause 7.3.4.8.1. 

Re-assembly

MAC PDUs are collected at the receiver side until all segments of an upper layer PDU have been received. The MAC headers are removed, and the MAC data elements re-assembled into an upper layer PDU. 

The received upper layer PDUs are delivered to the upper layer in the order they were originally transmitted. This is guaranteed by the single process retransmission mechanism.
7.3.4.6.3
Data transmission and retransmission

7.3.4.6.3.1
Principle for single process retransmission

A single process retransmission is proposed to reduce the buffer size while guaranteeing the reliability of data transmission.

In single process retransmission, a new MAC PDU can be sent only when the previous MAC PDU has been acknowledged. 

Each MAC endpoint transmitter will have an associated send state variable V(S). V(S) denotes the sequence number of the next in‑sequence MAC PDU to be transmitted. V(S) can take on the value 0 or 1. The value of V(S) will be incremented by 1 on transmission of the next in sequence MAC PDU.
Each MAC endpoint receiver will have an associated receive state variable V(R).The receive state variable denotes the sequence number of the MAC PDU which is expected by the receiver. V(R) can take on the value 0 or 1, and the value of V(R) will be informed to the transmitter. The value of V(R) will be incremented by 1 after a MAC PDU has been received correctly.

As shown in Figure 7.3.4.6-3, MAC PDUs in the transmitter are indexed as either 0 or 1 and the value of V(S) can either be 0 or 1. The transmitter can resend a MAC PDU or send a new MAC PDU, as shown by the shaded block. The value of V(S) is always set as the index of the next MAC PDU outside the transmitting window. The receiver informs the transmitter of the expected index of the MAC PDU using V(R). The transmitter will select the MAC PDU indexed by the value of V(R) to transmit next, which is either a new MAC PDU or a retransmission of the previous MAC PDU. 
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Figure 7.3.4.6-3: Data transmission and retransmission

7.3.4.6.3.2
Feedback mechanism and processing

When a MAC PDU is scheduled, the receiver will attempt to demodulate and decode the transmitted MAC PDU. The receiver may attempt decoding of the MAC PDU by combining information from multiple receptions. If the MAC PDU is decoded successfully and V(S) of the received MAC PDU matches the current V(R), the receiver will increase V(R) by 1 (for 1-bit V(R) this is equivalent to inverting V(R)), and then send the updated V(R) to the transmitter. If the PDU is not decoded successfully or the MAC PDU is a retransmission of a previously successfully received MAC PDU then the value of V(R) will be kept the same and will be sent back to the transmitter.

The transmitter will check the value of V(R) from the feedback information. From the received V(R), the expected MAC PDU from the receiver can be identified by the transmitter:
- 
If the received V(R) is different from the V(S) sent in the latest PDU transmission, then this means the previous PDU has been received successfully by the receiver side. 

- 
Otherwise, it means a reception failure by the receiver. 

According to the received V(R), the transmitter chooses the MAC PDU to be sent in the next scheduled allocation.

7.3.4.6.3.3
Downlink Transmission Feedback Mechanism

The downlink feedback mechanism is used to provide feedback to the base station for downlink MAC PDUs transmitted to a MS.

When the base station schedules a downlink transmission using PDCCH, it includes the V(S) value of the MAC PDU being transmitted to the MS.  The MS can use the V(S) value to determine whether the downlink MAC PDU is a retransmission or a new transmission, and update V(R) to be sent to the base station when reception of the downlink MAC PDU has completed.
After the base station has scheduled a downlink allocation it needs to schedule an uplink allocation for the MS to provide feedback.  The MS sends the updated V(R) value in the uplink MAC PDU.

7.3.4.6.3.4
Uplink Transmission Feedback Mechanism

The uplink transmission feedback mechanism is used to provide feedback to the MS for uplink MAC PDUs transmitted by the MS to the base station.

The base station provides V(R) values to the MS using PDCCH messages that follow the uplink allocation. When the base station schedules an uplink allocation, it includes the V(R) value of the MAC PDU the MS should transmit.
If the base station requests the transmission of the next MAC PDU, the MS can discard the acknowledged MAC PDU, freeing buffer space.
The successful reception of the last uplink MAC PDU is used to trigger entry of RPR from APR in Connected Mode, see 7.3.4.6.1.

7.3.4.7
Paging

7.3.4.7.1
General description
It is highly desirable for a CIoT MS 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 MS upon wake-up (see subclause 7.3.5.1). Broadcasting downlink message indication rather than paging message minimizes the amount of information the MS 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 assignment message or other kind of MAC control messages to MS in idle mode. 

Alternative mechanism for determining own paging resource that provide better performance can be investigated.
7.3.4.7.2
PDCCH Message Indication

The PMI information element is broadcast in the Primary System Information message (see subclause 7.3.5.1) and this information element is 10 bits. Which of the 10 paging groups a MS 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 7.3.4-7-1.
Table 7.3.4.7-1: 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: For S1 ‘IMSI mode 10’ can be replaced with ‘(IMSI mod 1024) mod 10.

7.3.4.7.3
PDCCH Own Group

In a given cell, the PDCCH resource in one frame is segmented according to coverage class as described in subclause 7.3.2.3.2. The amount of PDCCH resource allocated for each coverage class depends on the distribution of the devices. Using the example PDCCH resource configuration given in subclause 7.3.2.3.2 the number of resource blocks for each coverage class within one frame can be computed.
A MS needs to receive the PDCCH resource block from its own coverage class.

A default paging cycle is broadcast in system information (see subclause 7.3.5.1) and using this parameter the MScan 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 MS to decode only the required PDCCH resource block, when required, with the following approach.

PDCCHRB = (IMSI mod 1000) mod KRB,CC

For S1 like core network interface it is possible to use the expression:
PDCCHRB = (IMSI mod 1024) mod KRB
where

KRB,CC is the number of resource blocks for the corresponding coverage class within one default paging cycle. This is simply given by the number of resource blocks for a given coverage class within one frame and multiplied by the number of frames in default paging cycle. Each PDCCH resource block is then numbered from 1 to KRB. For example with a paging cycle of 2 frames then coverage class 4 has KRB = 2x2 = 4.

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

Given that the Primary System Information message is repeated 4 times within a frame to allow for successful decoding in extended coverage then for certain coverage classes it may not be possible for the MS to decode PSI and PDCCH within the same frame. Therefore, based on coverage class a MS may need to start decoding of PSI message in an earlier sub-frame or even an earlier frame than that corresponding to its own PDCCH group.
7.3.4.8
MAC PDU format and structure
7.3.4.8.1
MAC PDU general structure

Generally, a MAC PDU payload consists of a MAC header and a MAC payload. The length of a MAC PDU is variable and the maximum size depends on the code block size in physical layer. Padding and a CRC are appended to the MAC PDU.

A typical uplink MAC header includes TLLI/S-TMSI, BSR, sequence number, length indicators (to indicate higher layer boundary information), last data block indicator, MAC control or upper layer data indicator etc. TLLI/S-TMSI is only needed in the first uplink data block, and any subsequent retransmissions until contention is resolved. When MS has more uplink data to transmit, BSR can be added to indicate the data buffer size. If TLLI/S-TMSI and BSR are included, the total number of octets of the MAC header is about 6~7 octets, else it is about 2 octets (may be larger if there is more than one higher layer PDUs). 

There is no need to carry TLLI/S-TMSI and BSR in the downlink MAC PDU, since network can schedule downlink by itself. A typical downlink MAC PDU header includes sequence number, length indicators, last data block indicator etc. The total number of octets of a downlink MAC PDU header is about 2 octets (may be larger if there is more than one higher layer PDUs).

Optionally, the NB-CIoT solution allows multiplexing of MAC signalling and data in one MAC PDU.
7.3.4.8.2
MAC control messages
7.3.4.8.2.1
Control messages sent on the PDCCH

This subclause defines example control messages sent from network to MS.
7.3.4.8.2.2
Uplink Assignment

The Uplink Assignment message is sent in response to a MS sending a Random Access Request message or a Buffer Status Report (BSR) in an uplink MAC PDU. The information in the BSR is utilised by the network to determine the PUSCH configuration for the uplink allocation. The key information elements are shown in Table 7.3.4.8-1 and Table 7.3.4.8-2.
Table 7.3.4.8-1: Example Uplink Assignment message content in response to a Random Access Request message
	Information Element
	Size (bits)
	Purpose

	Message ID
	5
	Identifies message

	MS access Identity
	12
	Random number in the channel request 

	RACH frame 
	2
	Frame relative to PDCCH: - 00 = current, 01 = previous, 10 = 2 frames ago, 11 = RFU

	RACH start position
	5
	RACH position in fame 0.. 31, 40 ms slot

	PUSCH sub-carrier 
	6
	

	PUSCH Start position 
	8
	Start position of the uplink resource from the end of the PDCCH with a granularity of 10 ms. 
8 bits allows for 2.56 s 

	PUSCH MCS 
	4
	MCS index

	PUSCH CBS 
	5
	CBS index

	VR
	1
	V(R) value of the MAC PDU to be expected to be received by BS.

	C-RNTI
	20
	C-RNTI assignment

	Total
	68
	


Table 7.3.4.8-2: Example Uplink Assignment message content with C-RNTI/TLLI/S-TMSI
	Information Element
	Size (bits)
	Purpose

	Message ID
	5
	Identifies message

	MS access Identity
	20/32/40
	C-RNTI (if available), TLLI/S-TMSI otherwise

	PUSCH sub-carrier 
	6
	

	PUSCH Start position 
	8
	Start position of the uplink resource from the end of the PDCCH with a granularity of 10 ms.
8 bits allows for 2.56 s

	PUSCH MCS 
	4
	MCS index

	PUSCH CBS 
	5
	CBS index

	VR
	1
	V(R) value of the MAC PDU to be expected to be received by BS.

	Total
	49/61/69
	


This message can be used to allocate a new uplink resource and acknowledge the previous uplink transmission (if transmitted by the mobile). 
7.3.4.8.2.3
Uplink Access Reject message 

The Uplink AccessReject message is used to manage network congestion. In the event of a congestion the network can send a reject with a wait indication which terminates the current access and prohibits the MS from performing another random access procedure for a given period of time.

Table 7.3.4.8-3: Example Uplink Access Reject message
	Information Element
	Size (bits)
	Purpose

	Message ID
	5
	

	MS access Identity
	12/20
	Random Id/ C-RNTI

	RACH frame 
	2
	RACH frame

Frame relative to PDCCH: - 00 = current, 01 = previous, 10 = 2 frames ago, 11 = RFU

	RACH start position
	5
	RACH position in fame 0.. 31, 40 ms slot

	Wait time 
	5
	Duration in number of frames before MS can make another attempt to access.

	Total
	29/37
	


7.3.4.8.2.4   Uplink Acknowledgement message

The Uplink Acknowledgement message is sent to the MS to indicate a positive or negative acknowledgement of the last transmitted data block. This message can be used when no further uplink allocation needs to be provided to the MS.
In the event of a negative acknowledgement the network will provide a new uplink allocation for the MS to retransmit the un-acknowledgedt data.

In the event of a positive acknowledgement and the MS has more data to send the network will provide a new uplink allocation for the MS to transmit the remaining data.

In the event of a positive acknowledgement and the MS has no more data to transmit the MS enters RPR mode.

Table 7.3.4.8-4: Example Uplink Acknowledgement message
	Information Element
	Size (bits)
	Purpose

	Message ID
	5
	

	Address info
	20/32/40
	C-RNTI/ TLLI/S-TMSI

	C-RNTI assignment present
	1
	

	C-RNTI assignment 
	20
	Optional

	VR
	1
	V(R) value of the MAC PDU to be transmitted by the MS.

	Total
	47/59/67
	


7.3.4.8.2. 5   Downlink Assignment message

In the event that the network has data to send to the MS, a Downlink Assignment message will be sent containing the relevant configuration information for the MS to receive the data on the PDSCH.
Table 7.3.4.8-5: Example Downlink Assignment content  
	Information Element
	Size (bits)
	Purpose

	Message ID
	5
	

	MS ID
	20/32/40
	C-RNTI/TLLI/S-TMSI

	PDSCH sub-carrier 
	6
	

	PDSCH start position
	9
	Start position of the downlink resource from the end of the PDCCH with a granularity of one slot = 5ms

2^9 = 512 slots, 2.56 s range

	PDSCH MCS
	4
	MCS index, 0..10

	PDSCH CBS
	4
	CBS index, 0..13

	VS
	1
	V(S) value of the MAC being transmitted by the MS.

	Total
	49/61/69
	


7.3.4.8.2.6   Paging message

In the event that the network has to contact the MS, a Paging message can be sent containing the relevant information for the MS to respond. 
Table 7.3.4.8-6: Example paging message content 
	Information Element
	Size (bits)
	Purpose

	Message ID
	5
	

	MS ID
	32/40/60
	TLLI/S-TMSI/ IMSI

	Total
	37/45/65
	


	End of first change
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