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 Proposed Text for the TR on Cellular IoT Scheduling
1 Introduction
A new study item named Cellular IoT was approved at GERAN#62 (see [1]). MAC layer is an important sub-layer in the Clean-slate solution for Cellular IoT. 
The MAC design aspects for the new concept were discussed during the telco#6 and the following working assumptions (WA) were made (see [2]):


[image: image1]
This document contains a text proposal on the cellular IoT  scheduling  based on [3].

2 Proposed text for the TR
5.4.4
 Link layer aspects

e.g. random access procedure, control channels and mapping to physical layer resources, traffic channels and mapping to physical layer resources, multiplexing/de-multiplexing principles, priority handling principles, data segmentation and re-assembly principles, retransmission schemes etc.

	First Change


5.4.4.x Scheduling

Base stations transmit a System Information Block (SIB) on a single channel that is reserved for this purpose (PBSCH). This enables the UE to find the base station. The SIB is repeated several times, eg 32 times, in a super frame. Each SIB in a super frame is identical. The SIB contains the super frame number.

The SIB contains identification information on the base station and network as well as timing and channel information for the Downlink Control Information (DCI).  Figure 5.4.4.x-1 shows the relationship between SIBs and DCIs.
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Figure 5.4.4.x-1.  SIB/DCI Relationship
DCIs are periodically transmitted on a PDSCH channel and contain scheduling information.  The interval between the DCIs is configured in the SIB. 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 and which physical channel the resource is on. UEs receive DCIs in a chain when they are not otherwise transmitting or receiving. Uplink and downlink transmissions on other physical channels can overlap with DCIs in time.

Figure 5.4.4.x-2 gives an example of scheduling for a UE.
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Figure 5.4.4.x-2. Example Scheduling 1
In Figure 5.4.4.x-2, a UE receives the SIB. The SIB provides details of a DCI for the UE (1). The UE then receives the DCI, which provides the timing and channel for a downlink (DL1 (2)) and an uplink (UL1 (3)) allocations. The UE then receives DL1 and transmits UL1. UL1 contains the acknowledgement information for the burst received in DL1.

Afterwards, the UE receives DCI3. DCI3 provides acknowledgement information for the burst transmitted by the UE in UL1. It also provides timing and channel information for DL2 (4) and UL2 (5). The UE will then transmit a burst in UL2. This transmission includes acknowledgement information for the burst received in DL 2.

UEs 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 UE has requested resource via the RACH, the base station will attempt to allocate resources in a subsequent DCI.

5.4.4.x.1 DCI Burst Packet Format

The DCI burst packet format consists of a length, followed by a payload and CRC. Figure 5.4.4.x.1-1 shows the DCI packet format and  Table 5.4.4.x.1-1 gives details of the fields.
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Figure 5.4.4.x.1-1.  DCI Packet Format
Table 5.4.4.x.1-1. DCI Packet Format
	Field
	Length (bits)
	Description

	Length
	8
	Length of the payload field in octets. 

	Payload
	Length * 8
	Payload of the packet being transmitted 

	CRC
	24
	The CRC of the Length and Payload


The DCI Packet Payload is variable length and contains retransmission processing information, downlink allocations, uplink allocations and RACH allocations.  The information elements of the DCI Packet Payload are shown in Table 5.4.4.x.1-2.
Table 5.4.4.x.1-2. DCI Packet Payload Elements
	Field
	Length (bits)
	Description

	DL Number
	4
	The number of scheduled downlink users.

	DL Allocation[]
	48 * DL Number
	List of DL Allocations. One for each scheduled downlink user. Included in this field:

· C-RNTI of UE

· Channel ID

· MCS

· Start indicator

· Duration

· PDU identification

	UL Number
	4
	The number of scheduled uplink users.

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

· C-RNTI of UE

· Channel ID

· MCS

· Start indicator

· Duration

· Acknowledgement information

	RACH Number
	4
	The number of scheduled random access resources.

	RACH Config[]
	16 * RACH Number
	List of RACH Configs.  Once for each scheduled random access resource.

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


The start indicator in the DCI defines when the physical resource an allocation uses starts. The start indicator is the number of slots from the first slot of the DCI to the slot in which the UE is expected to transmit or receive.

The time into the future the DCI can schedule uplink and downlink allocations is limited to keep the size of the start allocation field in the DCI short.

The DCI cannot schedule allocations which start before the end of the DCI. An overview of when an allocation can start is shown in Figure5.4.4.x.1-2.
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Figure 5.4.4.x.1-2. DCI Start Allocation Range Overview
When UEs are grouped by link budget different MCSs for the DCI can be used.  For UEs in poorer conditions the DCI used to communicate with them will often use MCSs which include spreading and repetition factors, therefore the DCI will take more time to be transmitted and the interval between DCIs will be longer. As the DCI will take more time slots, the start indicator will also need to have larger values.

To keep the length of the start indicator as short as possible a scaling factor is applied to the start indicator which is determined from the MCS of the DCI which contained the allocation. 

A slot offset value is calculated as follows:


Slot offset = Start Indicator * DCI MCS Spreading Factor * DCI MCS Repetition Factor

The slot offset is then used to calculate the start slot of the allocation.  For uplink allocations the start slot is calculated as follows:


Uplink Start Slot = DCI Start Slot + (Slot Offset * 4)

A downlink allocation start slot is calculated as follows:


Downlink Start Slot = DCI Start Slot + Slot Offset
5.4.4.x.2 Allocated Burst Packet Format

The packet format of the allocation for an uplink and downlink burst is shown in Figure5.4.4.x.2-1.
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Figure 5.4.4.x.2-1. Allocation Format
The allocation packet format does not include a length.  The length is defined in the DL or UL Allocation field in the DCI that defined the allocation.

The allocation format does not need to define the octet length of the PDU payload. The format of the PDU payload allows the receiver to determine the length of the MAC headers and elements.  Padding is then added after the PDU payload and before the CRC so the complete packet, including CRC, matches the size if an interleaver block. The CRC is always the last 24 bits of the packet.

	End of Change
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WA1: Multiplexing of UE specific signaling and data is required. 


WA2: Scheduling mechanism to support flexible resource utilization is required. 


WA6: Random access for data transmission and NAS signalling is required (at least for contention based access. Need for Non-contention based RACH is FFS)
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