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2.4.1.3
1 Introduction
This document provides the text proposal related to the semi-persistent scheduling for the NB M2M system. Detailed discussions on the proposed changes can be found in [1]. 
2 Proposed Text for the TR
	First Change


7. 
Physical layer aspects and radio access protocols for clean slate concepts
[details omitted]
7.1.4
Link layer aspects
7.1.4.1
Overview

A new MAC radio protocol has been designed for the NB M2M solution. The MAC protocols sits between the LLC protocol in Gb architecture or the PDCP protocol in S1 architecture and the physical layer.
The MAC protocol 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:

-
Cell (re)selection; 

-
System information acquisition.

-
RRM provides high efficiency of resource utilisation:

-
RACH procedure;

-
Dynamic resource scheduling;

-
Semi-persistent scheduling.
-
Basic reliability is needed for data transmission:

-
Segmentation and re-assembly;

-
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.

7.1.4.2
MS Operating Modes

7.1.4.2.1
General

A NB M2M MS operates in one of three modes, a connected mode or two different sleep modes:

-
Connected Mode

-
Sleep Modes:

-
Idle Mode 

-
Power Saving Mode

In Connected Mode, the MS is receiving DCIs and allocations, MAC Control Elements, NAS Signalling and data are being transferred over the air interface.  

The MS can be configured to transition to either Idle Mode or Power Saving Mode from Connected Mode. The choice of 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 Power Saving Mode, the MS is unreachable from the network. The network needs to wait for the MS to wake and contact the base station.

In all the modes the MS can perform RACH to connect and request resource. 

An overview of the three modes and the transitions between modes is shown in Figure 7.1.4.2-1.
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Figure 7.1.4.2-1: MS Operating Modes

MSs in Connected Mode are addressed by the base station though their C-RNTI or SPS-C-RNTI. When a MS is in Idle Mode it can only be addressed via paging procedure, and when a MS is in Power Saving Mode it cannot be addressed.

7.1.4.2.2
Connected Mode

[details omitted]
7.1.4.2.3
Idle Mode

[details omitted]
7.1.4.2.4
Power Saving Mode

[details omitted]
7.1.4.3
Channel mapping
[details omitted]
	Second Change


7.1.4.4
Scheduling

7.1.4.4.1
General

Base stations transmit System Information (SI) on dedicated channels that are reserved for this purpose (PBSCH and EPBCH). This enables the MS to find the base station. The SI contains the super frame number.

The SI contains identification information for the base station and network as well as timing and channel information for the Downlink Control Information (DCI). Figure 7.1.4.4-1 shows the relationship between SIBs and DCIs.
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Figure 7.1.4.4-1:  SI/DCI Relationship

DCIs are periodically transmitted on a PDSCH channel and contain scheduling information. The interval between the DCIs is configured in the SI. DCIs provide uplink and downlink allocations, acknowledge uplink messages, and configure the random access resources. An allocation is a physical resource on the PBSCH or PUSCH channels. A downlink or uplink allocation description in a DCI defines the start time, length, MCS, and the physical channel for the resource. MSs receive DCIs on a particular PDSCH channel when they are not otherwise transmitting or receiving. Uplink and downlink transmissions on other physical channels can overlap with DCIs in time.

Figure 7.1.4.4.2 is an example of scheduling for a MS.
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Figure 7.1.4.4-2: Example of Dynamic Resource Scheduling

In Figure 7.1.4.4-2, a MS receives the SI. The SI provides details of a DCI for the MS (1). The MS then receives the DCI, which provides the timing and channel for a downlink (DL1 (2)) and an uplink (UL1 (3)) allocations. The MS then receives DL1 and transmits UL1. UL1 contains the acknowledgement information for the burst received in DL1.

The MS then receives DCI3. DCI3 provides acknowledgement information for the burst transmitted by the MS in UL1. It also provides timing and channel information for DL2 (4) and UL2 (5). The MS will then transmit a burst in UL2. This transmission includes acknowledgement information for the burst received in DL2.

MSs are able to request resource from a base station by sending a resource request on the random access channel (RACH). The details of the RACH (its physical channel and timing information) are carried in the DCIs. Once a MS has requested resource via the RACH, the base station will attempt to allocate resources in a subsequent DCI.
MSs are able to request periodic resource allocations from a base station by sending a semi-persistent scheduling (SPS) request on the RACH. Once a MS has requested periodic resources via the RACH, the base station will attempt to allocate periodic resources in a subsequent DCI.
Figure 7.1.4.4.3 is an example of semi-persistent scheduling for a MS.
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Figure 7.1.4.4-3: Example of Semi-Persistent Scheduling

In Figure 7.1.4.4-3, a MS receives the DCI, which provides the information of the periodic uplink resource allocations. The MS then transmits data in the allocated uplink resources periodically.
7.1.4.4.2
Semi-Persistent Scheduling
The basis for uplink and downlink scheduling is dynamic scheduling, as described above. The resource requests via RACH and resource allocations via DCI are normally required to allocate resources every time for data transmission. Generally, if the amount of data to transmit is large, the overhead in terms of control signalling is well motivated and relatively small. However, some services, most notably smart metering, are characterized by regularly occurring reports of relatively small payloads. To reduce the control signalling overhead, semi-persistent scheduling (SPS) is provided in addition to dynamic scheduling. SPS is supported for uplink transmissions, motivated by the fact that the main usage is that the MS periodically reports a small amount of data to the base station.
With SPS, the MS is provided with the scheduling information on the DCI, together with an indication that this applies to a certain periodicity until further notice. Hence, the control signalling is not necessary for each transmission and the overhead is reduced.
SPS Activation
MSs can send the SPS activation request with preferred SPS interval to the base station via RACH. The base station may respond by a SPS-C-RNTI to activate the SPS transmissions or C-RNTI to reject it. Once the MS has received an activation SPS response and DCI with semi-persistently scheduled resources, it is able to periodically transmit data in the uplink based on the configured periodicity (i.e., SPS interval). 
If the base station wants to trigger the SPS operations for a certain MS, the base station may send the SPS activation command using either RRC signalling or a special DCI format. This provides the MS with the necessary information for the subsequent SPS operations, e.g., SPS starting frame, SPS interval, and SPS-C-RNTI.
SPS Operation

If the SPS operation is activated, the semi-persistently scheduled resources are always allocated to the initial transmission during each SPS interval, unless the MS detects a new scheduling command or has a coverage class change. When a new scheduling command is detected at the start of each SPS interval, it takes precedence over the semi-persistent scheduling, which is useful if the semi-persistently allocated resources may need to be re-scheduled. Otherwise, the MS always follows the resource allocations of the latest semi-persistent scheduling. If a MS changes to a different coverage class, the SPS resources are re-scheduled by a DCI in the changed coverage class, as illustrated in Figure 7.1.4.4-4. Retransmissions can either follow the semi-persistently allocated resources or be dynamically scheduled. Similarly, when a dynamic scheduling command is detected, it takes precedence over the semi-persistent scheduling.

After initial transmission and/or re-transmission during each SPS interval, the SPS-C-RNTI is used as a normal C-RNTI for DCI monitoring, until that the MS enters idle mode to release the C-RNTI. At the start of next SPS interval, the same SPS-C-RNTI is automatically assigned to the MS without the need of RACH procedure.
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Figure 7.1.4.4-4: Example of Semi-Persistent Scheduling and Re-scheduling

SPS Deactivation

To deactivate the SPS operation, the MS can send the SPS deactivation request to the base station via RACH. Alternatively, the base station may send a DCI with SPS deactivation format to the MS.

Once the base station does not successfully decode the semi-persistently scheduled data transmission and re-transmission during a certain SPS interval, or the MS does not get acknowledgement for the semi-persistently scheduled data transmission and re-transmission, the SPS operation is implicitly deactivated. 
	Third Change


7.1.4.5
Random access procedure
7.1.4.5.1
RACH configuration
[details omitted]
7.1.4.5.2
Random access procedure with random number
When the MS is not connected to the Base Station, the MS can initiate a random access procedure with random number. This procedure establishes a radio connection between the MS and the base station, and assigns a connection identifier C-RNTI or SPS-C-RNTI to be used for the transfer of data between the MS and the base station. An overview of the procedure is shown in Figure 7.1.4.5-1.
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Figure 7.1.4.5-1: Random access procedure with Random Number
-
Step 0: the MS chooses a coverage class and RACH resource.
Based on the received signal quality of the PBSCH, the MS is able to decide which coverage class and RACH resource to use.

-
Step 1: the MS transmits a Random Access Request message.
The MS selects a Random Number (e.g. 20 bits) which is transmitted in the Random Access Request message and is used to resolve contention in a "one phase" procedure. The access cause and the BSR provide information for the base station to schedule the required uplink resources for the MS.

The main fields of the Random Access Request message are given in subclause 7.1.4.8.4.

-
Step 2: the base station schedules a RACH response allocation

After receiving the Random Access Request message, the base station uses a DCI to schedule a downlink radio resource allocation for the RA-RNTI. This downlink resource will be used for the transmission of the Random Access Response message. There is a one-to-one mapping between the RA-RNTI value and the physical channel used for the RACH resource. Therefore, all MSs transmitting a Random Access Request message in the same physical channel will use the same RA-RNTI value. The base station can also include a radio resource allocation for the assigned C-RNTI or SPS-C-RNTI within the same DCI.

-
Step 3: the MS receives the Random Access Response message

The Random Access Response message assigns C-RNTI or SPS-C-RNTI values to the MSs. If a MS sends RACH with SPS request, the Random Access Response message may assign a SPS-C-RNTI value or a C-RNTI value to the MS, respectively indicating that the SPS operation is activated or not. The Random Access Response message contains a list of Random Numbers from the Random Access Request messages transmitted by the MSs and a C-RNTI or SPS-C-RNTI value for each Random Number. The Random Access Response also includes a Start Indicator with each C-RNTI/SPS-C-RNTI assignment that identifies the RACH allocation the request was received in. The Start Indicator has the same meaning as in RACH configuration scheduled by DCI or can be calculated by RACH configuration broadcast in system information.
The MS receives the Random Access Response message in the allocation defined in the DCI, locates the Start Indicator of the RACH resource it used and its Random Number, and then stores the C-RNTI or SPS-C-RNTI value associated with its Random Number. The C-RNTI or SPS-C-RNTI values are used by the base station for scheduling uplink and downlink resources for the MSs. The MS monitors DCIs for allocations associated with the assigned C-RNTI or SPS-C-RNTI, including the DCI that allocated the Random Access Response message.

The main fields of the Random Access Response message are given in subclause 7.1.4.8.4. 
The Twait_RAR timer defines the maximum time the MS waits for the Random Access Response message after the MS transmitted the Random Access Request message. The timer is started after the Random Access Request message is transmitted.

7.1.4.5.3
Random access procedure with C-RNTI
[details omitted]
7.1.4.5.4
No response to Random Access Request

[details omitted]
7.1.4.5.5
Random Access Reject
[details omitted]
	Fourth Change


7.1.4.8
Formats and structures

7.1.4.8.1
DCI Packet Payload

Table 7.1.4.8-1: DCI Packet Payload Elements

	Field
	Description

	DL Number
	The number of scheduled downlink users.

	DL Allocation[]
	List of DL Allocations. One for each scheduled transmission. Included in this field:

- RNTI  (C-RNTI, P-RNTI or RA-RNTI)

- Channel ID

- MCS

- Start indicator

- Duration

- PDU identification

	UL Number
	The number of scheduled uplink users.

	UL Allocation[]
	List of UL Allocations. One for each scheduled uplink user. Included in the field:

- RNTI (C-RNTI or SPS-C-RNTI)
- Channel ID

- MCS

- Start indicator

- Duration

- Acknowledgement information

- Bitmap ACK index: indicate the position of the corresponding ACK/NACK indication in the bitmap ACK field of the DCI following the UL allocation

	RACH Number
	The number of scheduled random access resources.

	RACH Config[]
	List of RACH Configs.  Once for each scheduled random access resource. Included in this field:

- MCS

- Channel ID

- Start indicator

- SZ: Number of slots of RACH: 2SZ * RACH Allocation Unit

	Bitmap ACK field
	The bitmap ACK field for the UL transmissions which are ended between the previous DCI and this DCI

	Previous bitmap ACK field 
	A repetition of the bitmap ACK field in the previous DCI

	Padding
	A variable length padding field.  The length of the field will be set so that the payload is a whole number of octets and the following CRC begins on an octet boundary.


7.1.4.8.2
MAC PDU General structure

[details omitted]
7.1.4.8.3
MAC Control Elements

[details omitted]
7.1.4.8.4
MAC Data Elements

[details omitted]
7.1.4.8.5
MAC PDU (for random access messages)

Uplink

The Random Access Request message has a format different from the other control messages. The control sub-header is omitted and a field "Type" is added to the payload to indicate the type of random access procedure (i.e. with random number or with C-RNTI).

Table 7.1.4.8-4: Random Access Request

	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 (in bytes) buffered in the MS.

	Access Cause
	Random access cause (e.g., SPS activation request, SPS deactivation request, etc.)


When the SPS activation request is sent, the requested SPS interval can be explicitly indicated or embedded in the random number. The requested packet size for SPS can be indicated in BSR.
Downlink

The downlink messages for the random access procedure include Random Access Response and Random Access Reject. 

The design is similar to the uplink message. The MAC PDU consists of one or more Random Access Response Control Elements or of one Random Access Reject Control Element. The control sub-headers are omitted, and a field "Type" is added to the payload to indicate the MAC Control Element type.

Table 7.1.4.8-5: Random Access Response

	Field
	Description

	Type
	Set to 0 to indicate a Random Access Response message

	Random Number
	Random number

	RNTI
	C-RNTI or SPS-C-RNTI

	Start Indicator
	Start position of the RACH resource.


When a SPS-C-RNTI is assigned to respond a SPS activation request, the configured SPS interval can be explicitly indicated or embedded in the SPS-C-RNTI. This overwrites the SPS interval requested by the MS in RACH.
Table 7.1.4.8-6: Random Access Reject

	Field
	Description

	Type
	Set to 1 to indicate a Random Access Reject message

	Wait Time
	Period after which the MS is allowed to transmit a new Random Access Request message

	Reject Cause
	Reject cause


	Final Change


7.1.5
Radio resource management

7.1.5.1
System Information

7.1.5.1.1
System Information Distribution

[details omitted]
7.1.5.1.2 
System Information Type
There are four System Information types carried over two physical broadcast channels, as shown in Table 7.1.5.1-1.
Table 7.1.5.1-1: System Information Type

	Type
	Content
	Broadcast channel
	Broadcast Information block type

	System Information Type 1
	- Super frame number

- Indication of the change of other SIs

- PLMN identity

- Cell identity

- Tracking area code (S1 architecture option) or Routing Area ID (Gb architecture option)

- Cell barred (to prevent access to all MS)

- Access control parameters for PLMN to prevent initial access (RACH procedures) by a group of devices

- A threshold for signal level for cell selection

- Indication of existence of system information in EPBCH
	PBSCH
	Broadcast Information block 1

	System Information Type 2
	- RACH configuration including: common RACH allocation and RACH control parameter, 

- DCI configuration for each coverage category
- SPS configurations: SPS-C-RNTI range, SPS interval set
- Default Paging DRX cycle and parameters for the MS to calculate the paging occasions

- Timers and counters for L2/L3 

- Uplink power control
	EPBCH
	Broadcast Information block 2

	System Information Type 3
	- Network sharing information
	EPBCH
	Broadcast Information block 3

	System Information Type 4
	- Cell reselection parameters

- Neighbour cell information
	EPBCH
	Broadcast Information block 4


7.1.5.1.3
System Information Reading

[details omitted]
7.1.5.2
Cell selection and reselection procedure

[details omitted]
7.1.5.3
Coverage class

7.1.5.3.1
Definition of coverage class

[details omitted]
7.1.5.3.2
Initial coverage class selection

[details omitted]
7.1.5.3.3
Coverage class notification

[details omitted]
7.1.5.3.4
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 can cause additional MS power consumption and signalling load to the base station and core network. 
When a MS is in Idle Mode it wakes periodically to receive paging. The MS can use this wake 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 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 DCIs at the current coverage class to determine if there is scheduling information addressed to it and will typically use the following method to determine whether there has been any change in coverage class:
1> if the DCI decoding is successful:

2> if the DCI is addressed to the MS:

3> start data transmission process.

2> else 

3> continue the DCI decoding.

1> else 

2> if a certain failure criterion is met (e.g. the number of DCI decoding failures reaches a threshold):

3> if the coverage class already corresponds to the highest index

4> the MS enters the cell (re)selection procedure

3> else

4> the MS adapts to a more suitable coverage class and proceeds with the DCI decoding at the new coverage class

2> else

3> continue the DCI decoding.

An illustration of the coverage class adaptation in the connected mode is shown in Figure 7.1.5.3-2.
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Figure 7.1.5.3-2: Diagram of coverage class adaptation
For semi-persistent scheduling case, if the coverage class adaptation is successful before the start of next SPS interval, the base station will send a DCI at the start of next SPS interval in the new coverage class to re-schedule the resources for SPS operation.
7.1.5.4
Radio Resource Control (S1-based architecture only)

[details omitted]
	End of Changes
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