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Typical Functionalities of MAC layer
Introduction
At GERAN#62 a new SI was agreed to study Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things [1]. This contribution proposes the typical MAC functionalities for Cellular IoT.
Introduction of MAC function
From the view of sourcing companies, at least four major functions should be provided by MAC sub-layer:
-	Channel multiplexing;
-	Scheduling;
-	Error correction through HARQ;
-	Random access
Channel multiplexing and mapping
In Clean-slate solution, three kinds of PHY channels are introduced:
· PDSCH (Physical Downlink Shared CHannel), where downlink data, downlink control information, paging, other downlink signaling are carried.
· PUSCH (Physical Uplink Shared CHannel), where uplink data and control signaling, random access message are carried.
· PBSCH (Physical Broadcast and Synchronization CHannel), where System information and Synchronization information are carried. 
In real network, it is possible that mobiles might stay at places which require different coverage extension level. In this case there may be different PUSCHs and PDSCHs for different coverage levels except PBSCH which is always addressing the worst case. Consequently, the RACH and PCH for specific UEs in different coverage level will use the corresponding PUSCH and PDSCH to optimize the resource utilization.

The channel mapping between MAC layer and Physical layer are showed in Figure 1.


Figure 1 Channel mapping
The MAC layer supports the channel mapping between the logical channel and transport channel. There are five categories of logical channels as shown in Table 1.
Table 1 Logical Channel.
	Logical channel name
	Acronym
	Control channel
	Traffic channel

	Broadcast Control Channel
	BCCH
	X
	

	Paging Control Channel
	PCCH
	X
	

	Common Control Channel
	CCCH
	X
	

	Dedicated Control Channel
	DCCH
	X
	

	Dedicated Traffic Channel
	DTCH
	
	X


The transport channels are listed in Table 2.
Table 2 Transport Channel
	Transport channel name
	Acronym
	Downlink
	Uplink

	Broadcast Channel
	BCH
	X
	

	Downlink Shared Channel
	DL-SCH
	X
	

	Paging Channel
	PCH
	X
	

	Uplink Shared Channel
	UL-SCH
	
	X


Uplink and Downlink Scheduling
In Clean-slate solution, a Downlink Control Information DCI will be used for scheduling one or more mobiles in both uplink and downlink. DCI appears in PDSCH periodically [2], whose position at PDSCH will be broadcast in the system information. The contents of DCI are listed in Table 3.
Table 3 Contents of DCI for scheduling
	IE
	Function
	Example

	UL Allocation
	UL resource allocation for a list of specific UEs
	· UE_ID: Cell Specific Mobile ID
· Uplink resource: Burst[2] based for each UE

	DL allocation
	DL resource allocation for a list of specific UEs
	· UE_ID: Cell Specific Mobile ID
· Downlink resource: Burst[2] based for each UE


· Downlink Schedule
As showed in Figure 2, a specific UE keeps monitoring the DCI for the UL/DL scheduling during data transmission. When the UE recognizes its UE_ID in the DCI, it will listen to the indicated DL for data reception. While the UE_ID doesn’t belong to the UE, the UE can skip monitoring the DL accordingly for power saving.


Figure 2 Downlink Scheduling
· Uplink Schedule
For the Uplink scheduling in Figure 3, the UE keeps monitoring the DCI in the PDSCH for UL scheduling and once it is addressed, the UE will transmit UL data in the scheduled resource indicated by DCI. 


Figure 3 Uplink scheduling
The scheduling for downlink and uplink are independent, i.e. the DCI can schedule either uplink-only or downlink-only or both, which is dependent on the size of DCI block.
· Schedule over several PUSCHs &PDSCHs
It should also be noted that DCI is capable to schedule the UL/DL resource distributed over several PUSCHs/PDSCHs to a specific UE if the space of DCI is big enough. Example is showed in Figure 4.


Figure 4 Scheduling over several physical channels for different UEs in one DCI
· Capacity of DCI
As the introduction in [2], the length of DCI includes the fixed and variable part, which will be used for the flexible scheduling. The fixed-length part of DCI burst lasts 60ms (6 slots) which can support resource allocation for at least one UE. The variable part will be used for supporting more resource allocations.
The DCI interval decides how often a DCI appears in PDSCH. DCI interval is semi-persistent configured and carried in broadcast information and the value of DCI interval is related to the coverage level. The default value is 320ms (4 frames) for normal coverage and 5120ms (64 frames) for the worst extended coverage [2].
With such a flexible DCI scheduling, a physical channel can be shared by massive MTC users and the addressed space is dependent on the length of UE_ID. For example, a length of 20 bits Cell Specific Mobile ID can accommodate up to 1 million MTC users on line. 
Random access
The random access procedures allow UE to connect to Base Station or request resource from a Base Station. The basic requirement for cellular IoT is that the procedure should be simple and capable of supporting a large number of accesses. 
One general random access procedure is as follows and shown in Figure 5.
1) Before initiating a random access, UE can get RACH configuration from system information or from DCI. Then a Random Access message is sent from a mobile to the Base Station with 40-bit random number generated by the UE side in a specific RACH resource. A Random Access Resource ID can be deduced from the specific RACH resource information (including RACH resource start position identified by frame number and RACH channel ID [2]) both by the Base Station and UE.
2) After receiving the Random Access message, Base Station will schedule downlink resource for the UE and include this information in the DCI where the Random Access Resource ID is carried. The UE recognizes the allocated downlink resource in the DCI by the Random Access Resource ID. 
3) [bookmark: OLE_LINK77]In the allocated downlink resource, the UE will receive the Cell Specific Mobile ID allocated by the Base Station in a Random Access Response Message. The random number used in the Random Access message will also be contained in this message. When receiving the Random Access Response Message, the UE should firstly check the random number with the one it has sent. If they are the same, the contention resolution is completed and the random access procedure is considered to be successful. Otherwise, this random access procedure is failed. 
In legacy GPRS system the length of random number is very short and therefore the contention cannot be avoided in a large extent. By making random number 40-bit long, the probability of contention occurrence would be significantly decreased and would not be a serious problem anymore. 
4) If the UE successfully accesses the network, the UE can be uniquely identified by the Cell Specific Mobile ID in later scheduling.


Figure 5 General random access procedure
Data transmission and re-transmission
The M2M terminal is cost-sensitive and delay-tolerant. The single-process HARQ is acceptable and reasonable for M2M system in order to reduce the cost of terminal as the buffer size can be reduced significantly. 
In single-process HARQ, the transmitter only sends the next data block when ACK is received from the receiver. If NACK is received, the transmitter will retransmit the previous data block. The receiver sends ACK when the data block is received successfully, and sends NACK if the data block is not received or failed for decoding.
The overall procedure is shown in the following figure:


Figure 6 Data transmission and retransmit procedure
For uplink HARQ, the feedback information can be contained in the DCI. The uplink HARQ feedback is shown as follows:


Figure 7 Uplink HARQ Feedback
For downlink HARQ, the feedback resource can be allocated by base station in the DCI and UE can transmit the feedback with uplink data according to the DCI. The downlink HARQ feedback is shown as follows:


Figure 8 Downlink HARQ Feedback 
· Abnormal Case
For uplink data transmission, if the UE does not receive any feedback, no uplink data block will be sent even it has been scheduled until ACK/NACK is received. For downlink data transmission, if the base station does not receive any feedback, it will re-schedule UE to send DL feedback. Both UE and base station should have a timer or counter to control the maximum time/number of retransmissions.
Conclusion
Four major functions of MAC layer are proposed for Clean-slate solution in this paper. It’s proposed to include the above MAC functions into the TR. 
Reference
[1] GP-140421, “New Study Item on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”, VODAFONE Group Plc, GERAN#62.
[2] GP-140563, “NB M2M - Overview of the Physical Layer Design”, Huawei Technologies Co., Ltd. , HiSilicon Technologies Co., Ltd., GERAN#63.
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