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1.	Introduction
A new WI “NarrowBand IOT (NB-IOT)” was approved at RANP #69 [1], with the following objectives:
	
The detailed objectives are:
· RAN2 to specify the following radio protocol aspects:
· The radio interface protocol architecture
· MAC, RLC, PDCP, and RRC protocols
· UE capabilities



In this document, we express our initial view on user plane functions for NB-IOT.

2.	Potential Improvement Areas for NB-IOT on User Plane
For NB-IOT, LTE functions should be reused as much as possible. Focusing on the user plane functions, we analyze which functions should be supported for NB-IOT.

2.1	PDCP layer
In LTE, the followings are major functions supported by the PDCP layer
· Header Compression (ROHC)
· Security, i.e. Ciphering and Integrity Protection
· PDCP SDU Discard
· PDCP Reordering
· PDCP Data Recovery
· PDCP Control PDU, i.e., PDCP Status Report and ROHC feedback

Functions need to be supported for NB-IOT
· Header Compression 
· ROHC is essential in NB-IOT to reduce the size of IP header from 60 bytes to 2-3 bytes. 
· PDCP SDU Discard
· Considering the small buffer size of NB-IOT, PDCP SDU Discard function would be necessary to avoid buffer overflow.

Other functions
· PDCP Reordering
· PDCP Reordering function is used for DC split bearer. However, NB-IOT does not need to support DC, and thus this function seems not needed.
· PDCP Data Recovery
· PDCP Data Recovery function is also used for DC split bearer, and thus this function seems also not needed.
· PDCP Control PDU, i.e., Status Report and ROHC Feedback
· The PDCP Status Report is used for AM DRB. However, the NB-IOT does not need to support AM DRB as the retransmission can be supported by HARQ. Thus, this function seems not needed
· The ROHC Feedback is necessary for O- or R- mode, which are supported by AM DRB. As the AM DRB deemed not needed, the ROHC Feedback seems also not needed. For NB-IOT, the ROHC can operate only in U-mode.
· Security
· Security function for NB-IOT is still under discussion in SA3, so we can discuss this issue after receiving input from SA. 

Proposal 1: The NB-IOT PDCP layer supports “Header Compression” and “PDCP SDU Discard” functions.

2.2	RLC layer
In LTE, the following are major functions supported by the RLC layer.
· Concatenation, Segmentation, and Reassembly
· Retransmission
· HARQ reordering

Functions need to be supported for NB-IOT
· Concatenation, Segmentation, and Reassembly 
· The UE performs concatenation, segmentation and reassembly for RLC PDU in consideration of various aspects, e.g. radio condition, transmission power, QoS and so on. For the NB-IOT, this function should be supported for handling small data optimally.

Other functions
· Retransmission
· The HARQ transmission failure rate is typically low, so RLC retransmission happens rarely. Moreover, taking infrequent small data transmission characteristics into account in NB-IOT, performing RLC retransmission would cause extra power consumption and transmission delay. Thus, the RLC Retransmission does not need to be supported. Consequently, all other retransmission related functions, e.g. Polling, RLC Status Report, Re-segmentation, seem also not needed.
· HARQ Reordering
· The HARQ Reordering function is used to rearrange the RLC PDUs in sequential order if they are received out of sequence due to multiple HARQ processes running in parallel in the MAC layer. Thus, if HARQ operation with multiple HARQ processes is supported in MAC layer, this function should also be supported in RLC layer. Otherwise, this function seems not needed.

Proposal 2: The NB-IOT RLC layer supports “Concatenation, Segmentation, and Reassembly” function.

2.3	MAC layer
In LTE, the following are major functions supported by the MAC layer.
· Random Access (RA)
· HARQ operation
· UL Time Alignment
· Logical Channel Prioritization (LCP)
· Buffer Status Reporting (BSR)
· Scheduling Request (SR)
· Power Headroom Reporting (PHR)
· Discontinuous Reception (DRX)
· Semi-Persistent Scheduling (SPS)
· Activation/Deactivation of SCells
As a baseline, we assume that most of NB-IOT devices would be in RRC_IDLE and transmit short data infrequently to reduce the waste of radio resource and power consumption of the UE.

Functions need to be supported for NB-IOT
· Random Access (RA)
· [bookmark: _GoBack]NB-IOT needs to get either uplink synchronized or an uplink grant for uplink transmission, hence, RA procedure needs to be supported for NB-IOT. However, an enhancement of RA procedure could be considered by taking NB-IOT characteristics into account. 
· HARQ operation
· In order to maintain the link level performance, HARQ operation needs to be supported for NB-IOT. However, the number of HARQ processes for NB-IOT could be reduced by considering the UE complexity and the characteristic of NB-IOT data traffic. 
· Buffer Status Reporting (BSR)
· The UE transmits BSR to inform eNB of UE’s buffer status. Considering that the NB-IOT UE is likely to perform one-shot transmission after RRC Connection Establishment, BSR may need to be transmitted in random access procedure. However, other than random access procedure, BSR may not be so necessary.

Other functions
· UL Time Alignment
· The UE in RRC_CONNECTED considers that the UE is uplink synchronized while TimeAlignmentTimer is running, and performs uplink data transmission only while uplink synchronization is maintained. However, for NB-IOT, the UE is likely to transmit the small size of data infrequently, hence there seems to be no need to keep the UE uplink synchronized for a long time. Therefore, it wouldn’t be necessary to maintain UL Time Alignment.
· Logical Channel Prioritization (LCP)
· If the UE is configured with multiple radio bearers, the UE performs LCP in order to prioritize higher priory of data while avoiding starvation of lower priority of data. However, for NB-IOT, typically one DRB would be used. Therefore, the UE does not need to perform LCP.  
· Scheduling Request (SR)
· The SR function is used by the UE to request UL resource in RRC_CONNECTED. However, in NB-IOT, we think the UE is mostly in RRC_IDLE, and if there is UL data to be transmitted, the UE would first transit to RRC_CONNECTED, transmit UL data, and then transit back to RRC_IDLE, i.e. one-shot transmission in RRC_CONNECTED. The UE would request UL resource during RRC Connection Establishment procedure. Thus, this function seems not needed.
· Power Headroom Reporting (PHR)
· The PHR function is used by the UE to inform the eNB of UE power status in RRC_CONNECTED. As we think the NB-IOT UE performs one-shot transmission in RRC_CONNECTED, this function seems not needed.
· Discontinuous Reception (DRX)
· The DRX function is used by the UE to monitor PDCCH discontinuously to save UE battery in RRC_CONNECTED. As we think the NB-IOT UE is mostly in RRC_IDLE, this function seems not needed.
· Semi-Persistent Scheduling (SPS)
· The SPS function is used to reduce PDCCH overhead for periodical traffic, e.g. VoIP, by configuring periodical UL/DL resource for UE in RRC_CONNECTED. As we think the NB-IOT UE performs one-shot transmission in RRC_CONNECTED, this function seems not needed.
· Activation/Deactivation of SCells
· The Activation/Deactivation function is supported for carrier aggregation (CA), which seems not supported for NB-IOT. Thus, this function seems not needed.

Proposal 3: The NB-IOT MAC layer supports “Random Access”, “HARQ operation”, and “Buffer Status Reporting” function.

3.	Proposal
This contribution presented initial thought for NB-IOT user plane functions and proposed:
Proposal 1: The NB-IOT PDCP layer supports “Header Compression” and “PDCP SDU Discard” functions.
Proposal 2: The NB-IOT RLC layer supports “Concatenation, Segmentation, and Reassembly” function.
Proposal 3: The NB-IOT MAC layer supports “Random Access”, “HARQ operation”, and “Buffer Status Reporting” function.
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