Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #91BIS
R2-154518
Malmo, Sweden, 5 - 9 October, 2015

Agenda Item:
7.16.3.2
Source:

Neul
Title:

NB-IOT – MAC Layer Overview
Document for:
Discussion and decision
1 Introduction
At RAN#69, a new WI NB-IOT [1] was approved. The NB-IOT L2 and L3 are largely derived from E-UTRAN, with simplifications due to support of a limited set of functionalities and necessary adaptations to the new physical layer design.

This document discusses the MAC layer in NB-IOT based on TS 36.300[2] and TS 36.321[3].
2 Discussion
The MAC sub-layer is derived from the MAC sublayer in E-UTRAN. Many aspects of the MAC sublayer depend upon the physical layer characteristics and some aspects can be simplified and are common to all physical layer characteristics.

2.1 Services and functions

The services and functions are derived from the ones defined for E-UTRAN by TS 36.300, subclause 6.1, with the following differences:

-
There is a single process retransmission scheme, in- sequence delivery and duplicate detection is supported in MAC, see [7] for further details.
-
MBMS service identification is not supported, as MBMS is not supported.

-
ProSe specific services and functions are not supported, as sidelink is not supported.
Proposal 1: MBMS and ProSe services are not supported by NB-IOT.

2.2 Transport channels

The following transport channels are used by NB-IOT:

-
Broadcast Channel (BCH)
-
Downlink Shared Channel (DL-SCH)

-
Paging Channel (PCH)

-
Uplink Shared Channel (UL-SCH)

-
Random Access Channel (RACH)

The following control channels are not supported by NB-IOT as MBMS and PreSe services are not supported by NB-IOT:
-
Multicast Channel (MCH)
-
Sidelink Broadcast Channel (SL-BCH)

-
Sidelink Discovery Channel (SL-DCH)

-
Sidelink Shared Channel (SL-SCH)
Proposal 2: The MCH, SL-BCH, SL-DCH and SL-SCH transport channels are not used by NB-IOT.
2.3 Logical channels

E-UTRAN supports 2 general classifications of logical channels:

-
Control Channels (for the transfer of control plane information);

-
Traffic Channels (for the transfer of user plane information).

2.3.1 Control Channels
2.3.1.1 Reused control channels
The following control channels in E-UTRAN can be reused:

-
Broadcast Control Channel (BCCH)
-
Dedicated Control Channel (DCCH)
-
Paging Control Channel (PCCH)

Proposal 3: The BCCH, DCCH and PCCH logical channels are reused.
2.3.1.2 Updated control channels

The following E-UTRAN control channels are updated for NB-IOT:
-
Common Control Channel (CCCH)


For E-UTRAN CCCH is a channel for transmitting control information between UEs and network. This channel is used for UEs having no RRC connection with the network.

In NB-IOT the presence of a CCCH logical channel will depend upon the RACH procedure design, which depends upon aspects of the physical layer design.  For example in NB-CIoT in TR 45.820[9] the RACH procedure establishes the RRC connection, therefore there is no requirement for CCCH.

Proposal 4: Support for CCCH logical channel is FFS, depending upon physical layer and RACH procedure design.

2.3.1.3 Not supported control channels
The following control channels are not supported by NB-IOT:
-
Multicast Control Channel (MCCH)

-
Sidelink Broadcast Control Channel (SBCCH)

Proposal 5: The MCCH and SBCCH logical channels are not supported.
2.3.2 Traffic Channels
2.3.2.1 Updated control channels

The following E-UTRAN traffic channels may need to be updated for NB-IOT:
-
Dedicated Traffic Channel (DTCH)


In E-UTRAN Dedicated Traffic Channel (DTCH) is a point-to-point channel, dedicated to one UE, for the transfer of user information. A DTCH can exist in both uplink and downlink.

The use of DTCH is currently under consideration in SA2 for MB-IOT.  Depending upon the outcome of the study DTCH may or may not be required.

Proposal 6: The DTCH logical channel support is FFS, pending the outcome of SA2 study.
2.3.2.2 Not supported data channels

The following data channels are not supported by NB-IOT:
-
Multicast Traffic Channel (MTCH)

· Sidelink Traffic Channel (STCH)

Proposal 7: The MTCH and STCH logical channels are not supported.
2.4 Mapping between logical channels and transport channels
The mapping between logical channels and transport channels will depend upon the physical layer design and which logical channels are supported.  The following logical channel mappings omit logical channels which are proposed to be not supported or need updating for NB-IOT.

2.4.1 Uplink channel mapping

Figure 1 shows the uplink logical channel mapping.
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Figure 1 Uplink logical to transport channel mapping
In uplink, the following connections between logical channels and transport channels exist:

-
DCCH is mapped to UL-SCH.

Proposal 8: In uplink the DCCH logical channel is mapped to UL-SCH.
2.4.2 Downlink Channel Mapping
Figure 2 shows the downlink logical channel mapping.
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Figure 2 Downlink logical to transport channel mapping
In downlink, the following connections between logical channels and transport channels exist:


-
DCCH is mapped to DL-SCH.


-
BCCH is mapped to BCH

Proposal 9: In downlink the DCCH logical channel is mapped to DL-SCH and BCCH is mapped to BCH.
2.5 MAC procedures
2.5.1 Coverage Class selection and adaption

This procedure is a new procedure will be included in the MAC layer. The corresponding description and proposals are in [5].
2.5.2 Random Access Procedure

In NB-IOT, a more efficient RACH procedure (i.e. message based RACH) is introduced, which provides a lower signalling overhead and lower energy consumption described in [6].

2.5.3 HARQ operation

HARQ from E-UTRAN can be applied to NB-IOT, but simplifications are required for NB-IOT to reduce implementation complexity, buffering requirements and help to reduce power consumption.

A single process Stop-And-Wait HARQ scheme is proposed and described in [7].
2.5.4 Scheduling request

Scheduling Request (SR) is used for UE in connected mode to request resource to send the Buffer Status Report. In E-UTRAN the Scheduling Request bit is in PUCCH channel. In NB-IOT a mechanism to for the UE to request resource is required; however the details of the mechanism will depend upon the physical layer. 
2.5.5 Buffer status report

The buffer status report (BSR) in E-UTRAN can be reused, but the details of the mechanism and reporting formats need updated and simplifying as, for example, the number of logical channels is reduced.
2.5.6 Discontinuous Reception (DRX)
To reduce power consumption, DRX needs to be supported by NB-IOT.  Details of DRX can be simplified and are described in [8].

2.6 Summary

	MAC functions
	Not 

Supported
	Supported

	
	
	Simplified or enhanced
	Reused

	Transport channels:
	
	
	

	· Broadcast Channel (BCH)
	
	
	X

	· Downlink Shared Channel (DL-SCH)
	
	
	X

	· Paging Channel (PCH)
	
	
	X

	· Multicast Channel (MCH)
	X
	
	

	· Uplink Shared Channel (UL-SCH)
	
	
	X

	· Random Access Channel (RACH)
	
	
	X

	· Sidelink Broadcast Channel (SL-BCH)
	X
	
	

	· Sidelink Discovery Channel (SL-DCH)
	X
	
	

	· Sidelink Shared Channel (SL-SCH)
	X
	
	

	Logical channels:
	
	
	

	· Broadcast Control Channel (BCCH)
	
	
	X

	· Dedicated Control Channel (DCCH)
	
	
	X

	· Paging Control Channel (PCCH)
	
	
	X

	· Common Control Channel (CCCH)
	
	
	FFS (L2)

	· Multicast Control Channel (MCCH)
	X
	
	

	· Sidelink Broadcast Control Channel (SBCCH)
	X
	
	

	· Dedicated Traffic Channel (DTCH)
	
	
	FFS (SA2)

	Dedicated Traffic Channel (DTCH)
	X
	
	

	Sidelink Traffic Channel (STCH)
	X
	
	

	Mapping between logical channels and transport channels
	
	X
	

	MAC procedures:
	
	
	

	· Coverage Class selection and adaption
	
	X
	

	· Random Access Procedure 
	
	X
	

	· HARQ operation 
	
	
	

	· Scheduling request 
	
	
	FFS (L1)

	· Buffer status report
	
	X
	

	· Discontinuous Reception 
	
	X
	


3 Conclusion

This paper introduces the MAC sub layer in NB-IOT, and proposes the following are used for NB-IOT:
Proposal 1: MBMS and ProSe services are not supported by NB-IOT.
Proposal 2: The MCH, SL-BCH, SL-DCH and SL-SCH transport channels are not used by NB-IOT.
Proposal 3: The BCCH, DCCH and PCCH logical channels are reused.
Proposal 4: Support for CCCH logical channel is FFS, depending upon physical layer and RACH procedure design.
Proposal 5: The MCCH and SBCCH logical channels are not supported.

Proposal 6: The DTCH logical channel support is FFS, pending the outcome of SA2 study.
Proposal 7: The MTCH and STCH logical channels are not supported.
Proposal 8: In uplink the DCCH logical channel is mapped to UL-SCH.

Proposal 9: In downlink the DCCH logical channel is mapped to DL-SCH and BCCH is mapped to BCH.
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