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NB-CIoT – Radio Protocol Structure and Channel Mapping
1
Background
At GERAN#62, a new SI [1] was approved to study cellular support for ultra-low complexity and low throughput IoT. 

This document provides a description of the radio protocol structure and channel mapping in Gb and S1 architectures for the Narrowband Cellular IoT candidate solution (NB-CIoT), formed from the convergence of the NB M2M and NB-OFDMA candidate solutions [3]. 
The radio protocol structure and channel mapping for NB-CIoT is derived from the NB M2M and NB-OFDMA candidate solutions described in TR 45.820 [2]. Some adaptations are necessary to align with the converged physical layer and MAC layer designs, and due to the new frame structure, see [4] and [5].
2
Radio Protocol Structure and Channel Mapping
2.1
Gb architecture 
2.1.1
Radio protocol structure
The Gb architecture is connection-less and the user plane is terminated in the Non Access Stratum.  

Figure 1 illustrates the radio protocol structure in the Gb based architecture.
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Figure 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 separate documents.

2.1.2
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.
The channel mapping between logical channels and physical channels is shown in Figure 2. The uplink mapping is shown with red lines, and the downlink mapping is shown with blue lines.
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Figure 2: Channel mapping for the Gb-based architecture

-
Physical channels
 The physical channels are described in [4] and [5].
-
Logical channels
The logical channels are listed in Table 1. Each logical channel type defines which information is transferred on the radio interface.
Table 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 


2.2 
S1 architecture 

2.2.1
Radio protocol structure

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

Figure 3 illustrates the radio protocol structure in the S1 architecture.
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Figure 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. 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. 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 separate documents.
2.1.2
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. 
The channel mapping between logical channels and physical channels is shown in Figure 4. The uplink mapping is shown with red lines, and the downlink mapping is shown with blue lines.
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Figure 4: Channel mapping for the S1-based architecture

-
Physical channels
The physical channels are described in [4] and [5].
-
Logical channels
The logical channels are listed in Table 2. Each logical channel type defines which information is transferred on the radio interface.
Table 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 


4
Conclusion

This document presents the radio protocol structure and the channel mapping for the NB-CIoT solution.
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