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Analysis on the re-use of L2/L3 of LTE for NB-CIoT
1 Introduction
The Cellular IoT (CIoT) study item [1] has been discussed for one year and multiple solutions have been proposed. In recent discussion some companies strongly ask to re-use LTE design on L2/L3 and therefore it is worth clarifying the NB-CIoT on how much re-use has been referred to LTE. 
In the following sections sourcing companies provide detailed explanation on that.
2 Discussion
2.1 General
In NB-CIoT design the protocol stack for the radio interface is the same as LTE, i.e. the NB-CIoT design will re-use L2/L3 protocol structures. However considering the reduction of device complexity, system bandwidth and power consumption, some functions are removed from each layer, which we believe can reduce the cost for the whole system and will simplify the update from both chipset and network side. The following sub sections explained details of what we have been developed.
2.2 RRC
In RRC layer, we reuse the LTE RRC procedure with necessary simplification and optimisation: reduce the number of SRB and DRB, considering to use more default configuration to reduce the signaling overhead. Also no support for handover and measurement reporting as well as priority based cell reselection, since only intra-RAT cell (re)selection is required. 

	Functions
	Optimization

	Broadcast of System Information related to the non-access stratum (NAS and AS)
	Reuse in principle with simplification: all SIs carried in PBCH; PSI(MIB) transmit in fixed position, the SSIs(SIBs) are time-multiplexed; a simple round-robin mechanism with equal periodicity provided in the TR while other approaches can be discussed during WI phase; SI change is indicated by value tag not by paging notification.

	Paging
	Reuse the principle, and Enhancement needed to support CC specific paging

	NAS direct message transfer to/from NAS from/to UE
	Reuse 

	Establishment, maintenance and release of an RRC connection  /Establishment, configuration, maintenance and release of point to point Radio Bearers
	Reuse in principle with necessary simplifications:  only support one SRB and one DRB. Both SRB and DRB consider use default configuration to reduce the signaling overhead.

	Mobility functions
	Reuse in principle with significant simplification:  UE only support cell selection and reselection in idle mode, no periodic measurement, no priority based cell reselection. Reuse measurement rule for R (Ranking) criteria cell reselection.

	Security functions including key management
	Reuse

	Measurement reporting and control of the reporting
	Remove

	Notification for MBMS services
	Remove

	Establishment, configuration, maintenance and release of Radio Bearers for MBMS services
	Remove


2.3 PDCP
The PDCP layer is assumed completely re-used with the only change of potential timer adaptation, which is common for all NB design. To simplify the whole system some functions are seen not necessary and do not need to be supported. 

	Functions
	Optimization

	Header compression and decompression: ROHC only
	Reuse

	Transfer of user plane/control plane data
	Reuse with minor simplification

	Ciphering and Integrity Protection
	Reuse

	Ciphering and deciphering
	Reuse

	In-sequence delivery of upper layer PDUs at PDCP re-establishment procedure for RLC AM
	Remove

	Duplicate detection of lower layer SDUs at PDCP re-establishment procedure for RLC AM
	Remove

	Retransmission of PDCP SDUs at handover for RLC AM
	Remove

	Timer-based SDU discard in uplink
	Reuse: change the timer value


2.4 RLC
As the IoT applications do not require same level of Human to Human communications, duplicated retransmission mechanism on both RLC and MAC layers are seen not necessary. Other RLC functions are maintained.
	Functions
	Optimization

	Transfer of upper layer PDUs
	Reuse

	Concatenation, segmentation and reassembly of RLC SDUs (only for UM transfer)
	Reuse

	Error Correction through ARQ (only for AM data transfer);
	Remove

	Re-segmentation of RLC data PDUs (only for AM data transfer)
	Remove

	Reordering of RLC data PDUs (only for UM and AM data transfer)
	Remove

	Duplicate detection (only for UM and AM data transfer)
	reuse as an option

	Protocol error detection (only for AM data transfer)
	Remove

	RLC SDU discard (only for UM and AM data transfer)
	Reuse


2.5  MAC
The MAC layer is also in principle re-use a large extent of LTE design. However the MAC layer design is closely related to the PHY layer design and therefore adaptation due to different PHY layer design is anyway needed. The original LTE design is connection oriented to support broadband services, however the current IoT design is orienting small data transmission. Therefore some of the LTE design would be very inefficient and cannot well support the device complexity and power consumption reduction requirements. Consequently some functions have to be enhanced. 

	Functions
	Optimization

	RACH procedure
	Enhancements: Burst based RACH combination instead of preamble based RACH. this will reduce two signaling transmitted in SRB0; 

	Mapping between logical channels and transport channels
	Reuse in principle with minor Simplification: decrease the number of logical channels and transport channels

	Multiplexing/Demultiplexing
	Reuse in principle with minor Simplification: decrease the number of logical channels

	scheduling 
	Adapt to small data scheduling

	transmission and retransmission
	single-process HARQ with PDCCH based UL feedback and scheduling based DL feedback

	Transport format selection
	Reuse in principle with minor Simplification: decrease the number of transport format

	Priority handling between logical channels of one UE
	Reuse in principle with minor Simplification:  decrease the number of logical channels

	Discontinuous Reception (DRX)
	Enhancements:  to support long DRX 

	Priority handling between UEs 
	Reuse

	MBMS service identification
	Remove

	Maintenance of Uplink Time Alignment
	Remove

	Semi-Persistent Scheduling
	Remove

	BSR report
	Reuse in principle with minor Simplification 


 Summary
Based on the above, the sourcing companies believe that the NB-CIoT solution already re-used LTE L2/L3 design as much as possible and made reasonable simplification and enhancements to fulfil the study objectives. 
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