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1 Introduction
In [1] the objectives for the NB-IOT WI related to the user plane protocols are stated as:

· “MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer”
This contribution provides a discussion on what LTE user plane functions that should be re-used and proposes what changes/limitations should be made for NB-IOT to be incorporated into the existing LTE user plane specifications [2]-[4]. Further, it lists some topics where a RAN2 assumption could be made but where the final solution is left for further study (FFS) until more details on e.g. the physical layer or from SA2 is known/decided. 
2 Discussion
The LTE user plane protocols [2]-[4] all provide a high degree of flexibility. For NB-IOT it is important to select a sub-set of the already supported functions in order to both reduce device complexity and keep the air interface signaling overhead low. Re-using existing functionalities typically comes with lower development cost compared to implementing new functionalities.
First some general aspects of the user plane (L2) protocol are given and then it is discussed which functionality can be re-used and which functionality is not needed or can be simplified within each protocol. 

2.1 General cross-layer aspects

2.1.1 Control/user plane bearers

It is foreseen that there is typically only one application active in a NB-IOT UE or if several applications are active all of them will have similar QoS requirements and can then share the same bearer without any need for different priority between the application flows over the air interface. Discussions in SA2 are currently ongoing related to how user data should be handled where different alternatives exist. If the user data is transported over a SRB and/or a DRB is not yet decided by SA2. As NB-IOT was decided to be based on existing LTE, the only RAN2 could conclude at this stage is that at most one active DRB needs to be supported. 

For the control plane signaling there is no need to have different priorities between the RRC signaling and the NAS signaling and as a result only one signaling bearer (SRB) in connected mode should be enough to be supported for NB-IOT devices. Thus, the optional SRB2 from existing LTE should not be supported and SRB0/SRB1 could be re-used for NB-IOT to handle the L3 control signaling.
Proposal 1: In NB-IOT only SRB0 and SRB1 and at most one DRB need to be supported.  

2.1.2 Reliability of data transfers

In LTE there are two levels of re-transmissions possible: HARQ on MAC/L1  and ARQ on RLC in case RLC acknowledged mode (AM) is used. 

The need for RLC AM depends mainly on the residual HARQ error rate that can be achieved for NB-IOT. If this can be designed to be sufficiently low the need for supporting RLC AM could be removed leading to both less air interface overhead (no feedback needed) on L2 and reduced device complexity.

If RLC AM is not supported the RLC UM should be used instead for both the SRB and the DRB as segmentation/reassembly functionality needs to be supported (as discussed later in this contribution). If RLC AM is not used for the SRB further implies that new error recovery functionality for some RRC procedures probably needs to be introduced.

If RLC AM is to be supported then there is a need to specify PDU formats supporting short sequence numbers on PDCP (for the DRB) and RLC (for DRB and SRB) in order to keep the L2 header overhead low.   

Proposal 2: In NB-IOT it is FFS if RLC acknowledged mode (AM) needs to be supported. 

2.1.3 Protocol overhead

When LTE protocols are re-used for NB-IOT the L2 protocol overhead can be configured to be in the order of 1
 byte per L2 sub-layer. In addition, in L1, there is additional CRC size of 3 bytes per transport block (and IP packet). 

In [5] the Appendix provides a detailed evaluation of the protocol overhead when the LTE user plane (L2/L1) is re-used for the traffic model “MAR exception report” including a typical L4/L3 overhead. The conclusion of this analysis is: 

· The LTE user plane protocols can be configured for efficient data transmission if short sequence numbers are used. 

· Support of sufficiently large transport blocks is essential otherwise the L1/L2 overhead will be unacceptably high. 

· Optimizations of the already small L2 headers (and possibly CRC) within each TB has a relatively small effect on the overall overhead. 

· As NB-IOT applications typically generate only individual packets rather than a continuous data flow the padding in TBs has a lot more impact on the protocol efficiency than the L2 header formats.

· A careful trade-off between L1 control signaling (granularity of available TB sizes) and overhead (padding) should be done during the WI phase.

Proposal 3:  In NB-IOT only short sequence numbers should be supported within the PDCP and the RLC protocols to keep down the protocol overhead. 

Proposal 4:  In NB-IOT protocol header optimizations of the legacy LTE L2 protocols should not be done and instead effort during the WI phase should be spent on finding TB sizes suitable for NB-IOT traffic scenarios.
2.1.4 HARQ processes

It is assumed that a NB-IOT UE only needs to operate in half-duplex mode. To reduce the device memory requirements the number of downlink HARQ processes should be kept small since the UE needs to save soft bits for every active HARQ process in-between re-transmissions. Further, the data transmitted on the control plane and the user plane, i.e. CCCH/DCCH/DTCH, should be able to use the same HARQ process in NB-IOT. If only one HARQ process is used for CCCH/DCCH/DTCH there is no need to signal a process number/id over the NB-IOT L1 control channels. In addition, if only one downlink HARQ process is used no re-ordering functionality is needed on RLC in the UE and this reduces the device complexity further. In existing LTE there is today a separate HARQ process used for SI/BCCH. It is not foreseen that a NB-IOT UE should be required to receive BCCH in parallel (time multiplexed) with CCCH/DCCH/DTCH.
Thus, it is proposed that the working assumption for NB-IOT should be that only one downlink HARQ process is required to be supported for CCCH/DCCH/DTCH data in order to reduce the device complexity and that it should be left for further study if a separate HARQ processes for BCCH is required.
Keeping multiple uplink HARQ processes does not reduce the device memory as only hard bits are stored in-between re-transmissions. Thus, the cost of supporting multiple uplink HARQ processes is mainly related to eNB complexity (memory and the support of re-ordering) and the need to transmit the HARQ process number in the UL grant or alternatively hard code the HARQ process timing. Also as half-duplex operations are assumed the gain of having multiple UL HARQ processes is not large and could be skipped.   

Proposal 5: In NB-IOT only one HARQ process needs to be supported for CCCH/DCCH/DTCH data and it is FFS if an additional separate HARQ processes is required for BCCH reception. 

2.2 User plane sub-layer aspects
2.2.1 PDCP

The main functions within the existing PDCP protocol [2] today are efficient data transfer and security functions. The functionality within PDCP is linked to the ongoing SA2 discussions on S1 signaling optimizations. From a RAN2 point of view it should be assumed that security on PDCP is kept until else is decided. 
Most of the functionality from PDCP can be re-used as is for NB-IOT. To reduce the protocol header overhead long sequence numbers should not be used. With respect to re-ordering during HO: The number of PDCP PDUs is limited in the traffic models foreseen to be supported for NB-IOT. Thus, the gain of data forwarding at cell re-selection/re-direct would be very low and then the re-ordering and status reporting on PDCP could be removed. 
To summarize, we believe that the following functions are not needed to be supported for NB-IOT:

· Long sequence numbers
· Re-ordering
· Handover support (PDCP status reporting)
· RN related functionality
Proposal 6:  For NB-IOT the existing LTE PDCP used except the following functionality: long sequence numbers, re-ordering, status reporting and relay node handling.
2.2.2 RLC

LTE RLC [3] supports three modes of operation: acknowledged mode (AM), transparent mode (TM) and unacknowledged mode (UM). It is clear that RLC TM needs to be supported for BCCH/CCCH/PCCH. Then as discussed in the general section above the need for AM depends on the reliability requirements and device complexity. It is believed that segmentation/re-assembly functionality is needed in order to be able to handle a variety of different packet sizes originating from the higher layer protocols (i.e. L3 and above). Both RLC modes AM and UM include such functionality. The traffic characteristics of applications expected to be handled by NB-IOT consist of mainly sending and/or receiving one packet at the time and thus the concatenation functionality should not be needed. 

If data from one RLC entity is only transmitted through one HARQ process there is no need to support the re-ordering functions which further reduces the device complexity.  

Proposal 7: In NB-IOT all functions related to the LTE RLC modes TM and UM should be supported but it is FFS if RLC AM needs to be supported. 
Proposal 8: Functionality related to re-ordering should not be supported for NB-IOT unless multiple HARQ processes are supported.

2.2.3 MAC

From LTE MAC [4] most of the logical channels and transport channels are needed. The channels that are not needed are related to eMBMS, i.e. MCCH/MTCH and MCH, and ProSe operations, i.e. SBCCH/STCH and SL-BCH/DCH/SCH. 

Proposal 9: The logical/transport channel structure used in LTE MAC should be re-used for NB-IOT except for the channels related to eMBMS and sidelink procedures.

Assuming that the logical/transport channel structure is re-used then the associated functionality related to the data transfer on these such as channel priority and multiplexing/assembly should also be re-used. 
It is assumed that no uplink physical control channel resources, i.e. PUCCH, will be used in NB-IOT. However, there will still be a need for a NB-IOT UE to send a scheduling request (SR). In legacy LTE, if the UE does not have PUCCH resources configured, SR is sent over the Random Access procedure. In a similar way, in NB-IOT, new data triggers BSR which triggers an SR which triggers a Random Access procedure.  Thus, the handling of SR and BSR from [4] could be used as the baseline for NB-IOT. 
To save power in the UE it is expected that similar connected mode DRX as in existing LTE would be beneficial to have. Potential optimizations to this can be looked into later. As the traffic models to be supported by NB-IOT include transmitting/receiving very few packets at the time there is no need for supporting the semi-persistent scheduling (SPS) procedure so it is proposed that this is not needed for NB-IOT.

Some of the MAC functions are highly dependent on the physical layer design, e.g. the random access procedure and the HARQ procedure operations. The former is described in a separate contribution [6] to this meeting and not discussed further here and the latter needs more co-ordination between RAN1 and RAN2 and should preferably be discussed later. 
Proposal 10: The existing LTE MAC functions specified shall be used as a baseline for NB-IOT MAC. Potential optimizations for each MAC function applicable to NB-IOT should be treated in separate contributions.  
3 Summary

In this contribution both general and specific aspects of re-using the LTE user plane protocols for NB-IOT have been discussed. In section 2 the following proposals are made:
Proposal 1: In NB-IOT only SRB0 and SRB1 and at most one DRB need to be supported.  
Proposal 2: In NB-IOT it is FFS if RLC acknowledged mode (AM) needs to be supported.
Proposal 3:  In NB-IOT only short sequence numbers should be supported within the PDCP and the RLC protocols to keep down the protocol header overhead. 

Proposal 4:  In NB-IOT protocol header optimizations of the legacy LTE L2 protocols should not be done and instead effort during the WI phase should be spent on finding TB sizes suitable for NB-IOT traffic scenarios.
Proposal 5: In NB-IOT only one HARQ process needs to be supported for CCCH/DCCH/DTCH data and it is FFS if an additional separate HARQ processes is required for BCCH reception. 
Proposal 6:  For NB-IOT the existing LTE PDCP is used except the following functionality: long sequence numbers, re-ordering, status reporting and relay node handling.
Proposal 7: In NB-IOT all functions related to the LTE RLC modes TM and UM should be supported but it is FFS if RLC AM needs to be supported. 
Proposal 8: Functionality related to re-ordering should not be supported for NB-IOT unless multiple HARQ processes are supported.
Proposal 9: The logical/transport channel structure used in LTE MAC should be re-used for NB-IOT except for the channels related to eMBMS and sidelink procedures.
Proposal 10: The existing LTE MAC functions specified shall be used as a baseline for NB-IOT MAC. Potential optimizations for each MAC function applicable to NB-IOT should be treated in separate contributions.
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