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1
Introduction

1.1
Background Information

A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62, see [1].

The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design.

1.2
Reason for change

In GERAN#67, a new system design, i.e., Narrowband LTE (NB-LTE), based on the current LTE system but use only 200 KHz bandwidth is proposed in GP-150803 (see [2]). This document describes the way the LTE L2/L3 layers could be reused to build the NB-LTE system. 

1.3
Summary of change

Addition of the principles for reuse of the LTE L2/L3 layers.
pCR to 3GPP TR 45.820-v1.4.0

7.4.4
Link Layer

7.4.4.1
Reuse of LTE L2/L3 layers
7.4.4.1.1 Control plane

The proposal is to reuse to the maximum extent possible the L2/L3 layers of the LTE control plane protocol stack:
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Figure 1: LTE control plane protocol stack
RRC is a control protocol responsible for (amongst others):

1) Broadcast parameters for (at least) cell (re)selection and initial access to the cell

2) Control of the Initial access phase and release including security set up

3) Configuration of the L1 and L2 for data transfer and other RRC functions

4) Paging (terminating call handling)

These functions are relevant for any typical cellular systems, including CIoT, and we discuss here the applicability of each of these functions for CIoT. The list of 3GPP TS 36.331 ([4]) sections applicable to CIoT is provided in the Appendix.

7.4.4.1.1.1 System Information Broadcast for cell (re)selection and initial access
Seamless mobility may not be required for most CIoT applications and hence, network controlled mobility based on UE-provided radio measurements is likely not needed. However, cell selection and re-selection are still essential functions as they determine the criteria for use of the cell for camping and access and also to ensure UE uses the best cell to make the initial access. The parameters to control cell selection and reselection have to be broadcast (additional provisioning of reselection parameters via dedicated signalling could be considered).
The current cell (re)selection mechanism needs to be enhanced in terms of power saving perspective. In particular, the procedure can be further optimized according to device, service or mobility types. Most CIoT devices are stationary and their serving cell would not change. Therefore, it is more efficient for those stationary devices to avoid unnecessary power consuming operations such as neighbour cell measurement for cell (re)selection.
Besides cell selection and re-selection, access control by way of Access Class Barring is also necessary to handle periods of overload.  Various access control schemes are supported by LTE including some specifically addressing massive MTC use cases. 

Configuration of parameters for the initial access should be either specified (i.e, hard coded in the specs), pre-configured in the device or based on broadcast signalling. LTE uses a mixture of specified parameters (called default configuration) and broadcast (e.g., the radio resources). This mixture provides an efficient mechanism in terms of radio resources and battery usage for SIB reading.  

RRC provides a flexible and efficient solution for system information broadcast with a wide range of repetition periods with the possibility to repeat different SIBs at different intervals. Battery saving features like Paging to indicate change of SIBs, the modification period concept, and use of Value tag allows UEs to avoid reading SIBs unnecessarily. For systems where SIB changes are even less frequent, the periodicity of these can be further extended. There are also mechanisms to allow for faster update of parameters, if necessary, that cannot wait for the next modification period. 
Many of the SIBs (e.g., 1,2,3,4,5) of LTE are expected to be directly applicable for CIoT , while many others (such 6,7,8 related to inter-RAT mobility) are not needed. SIBs that are not needed do not need to be sent over the radio.
In the scope of the ongoing Rel-13 WI on “Further LTE Physical Layer Enhancements for MTC”, a number of enhancements and simplifications have been discussed and agreed. The modular design of the System Information Blocks already allows omitting information that is not needed in a certain deployment and thereby to minimize the amount of system information broadcast. RAN2 already agreed that it is desirable to maintain this flexibility in SIB configuration considering that it does not impose much overhead. However, it was found that the very dynamic ways of scheduling SIB using PDCCH is difficult and inefficient in a system supporting extreme coverage scenarios. Therefore, means to make the SIB broadcast semi-static and thereby more efficient have been agreed. The sourcing companies think that these principles can equally be applied for a narrowband LTE solution.
Observation: LTE RRC provides a flexible framework that not only supports many battery saving mechanisms for SIB reading but also allows control of the resources that are used for SIB.

7.4.4.1.1.2 Configuration of the L1 and L2 for data transfer and other RRC functions
Access to the radio access network can be either connectionless or connection oriented. A connection oriented system like LTE is generally signalling intensive for the establishment of the initial connection but more efficient once the connection is established.  LTE establishes SRBs
 during the initial connection establishment phase, followed by security and DRBs
 in the remainder of the procedure.  

While security for CIoT is still under discussion in SA3, use of DRBs is necessary to allow for larger volume of data transfer such as software update. This is expected to be needed even though SRB1 is used for transfer of some small data and SRB2 is used for transfer of lower priority NAS messages. Configuration of the bearers requires some signalling during each connection establishment but such configurations can take UE capability and UE radio conditions (based on information previously held) into account to allow efficient configurations. UE capability is stored in the CN in LTE, thereby avoiding the need to transfer them for every connection to the network.  LTE also supports an efficient “delta configuration” mechanism where any subsequent reconfigurations only provide the difference to the previous configuration. All of these together make LTE very efficient in terms of the number of signalling bits, hence saving battery.

Further simple enhancements are considered useful to reduce the amount of signalling needed for subsequent connections by, for example, re-using the configurations from the previous connection for devices that are not subject to frequent mobility outside the coverage of the eNB of the last used cell. Such optimisations can reduce the signalling required to less than that needed for a connectionless service while maintaining optimal UE configurations for efficient data transfer.
Also, it can be possible to reduce the number of messages exchanged over the air, with some combination and optimization of procedures to set up DRBs and their security mechanisms.
The applicability and feasibility of such enhancements of the radio connection depend of course on corresponding enhancements to the S1 connection towards the CN (which is already being discussed by SA2) as well as on the chosen security schemes. Therefore, the details will have to be discussed in the WI phase. 

While some of the L1 parameters of CIoT may be different from LTE, the framework allows for easy modification of the L1 configuration parameters into the existing signalling procedure.
Observation: LTE provides efficient signalling mechanisms for larger volume of data transfer. This can easily be enhanced to allow support for efficient short data transfer.

7.4.4.1.1.3 Paging (terminating call handling)

Paging is expected to be needed for CIoT (i.e. we do not expect Mobile originated polling only as this also may not be battery efficient). The LTE DRX mechanism allows UEs to monitor a single subframe Paging occasion in a Paging cycle. While the current maximum Paging cycle is 2.56s, ongoing work will further extend it to much larger values (e.g. to the order of some minutes to an hour). This and other optimisations are available not only for CIoT, but also for other LTE devices once they are standardised (work is in progress in RAN and SA WGs on Extended idle mode DRX). A Power Saving Mode is also available since Rel-12.

Observations: Extended Idle DRX and PSM in LTE allow for battery saving.

7.4.4.1.1.4 ASN.1
LTE ASN.1 supports non-critical and critical extensions. Critical extensions essentially redefine a message when a non-critical extension cannot support the required extensions or when it is not efficient to use it.  A critical extension can also remove the inefficiencies of the containers from the existing non-critical extensions. Thus, LTE ASN.1 can generate efficient encoding for CIoT.
7.4.4.1.1.5 Functionalities not relevant for CIoT

Several features provided by LTE are not relevant for CIoT such as inter-RAT mobility, Voice bearers, Carrier Aggregation (CA), MBMS, Relay, D2D, WLAN interworking, Dual Connectivity (DC).  These are optional features in LTE and they are not required to be implemented for CIoT nor is there signalling associated with them when these features are not used.
7.4.4.1.1.6 Control Plane - Conclusion
LTE RRC is fundamentally designed to work with LTE CN and provides native support to re-use LTE CN nodes.  Interaction between S1, RRC and NAS procedures are part of the overall system design. Re-using LTE RRC avoids re-design of the overall system and S1 and NAS protocols.

Conclusion on Control plane: RRC protocol needed for CIoT can be efficiently supported by LTE RRC, both in terms of battery requirements and radio efficiency. It also allows faster standardisation.

7.4.4.1.2 User plane

The proposal is to reuse to the maximum extent possible the L2/L3 layers of the LTE user plane protocol stack:
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Figure 2: LTE user plane protocol stack
PDCP in LTE provides for encryption and header compression. Security for CIoT is still under discussion in SA3, header compression will (at least) be essential for the transfer of larger volume of data such as software update. PDCP already supports short and long SN (Sequence Number) PDU formats for data transfer for efficient data transfer. New PDU structure can easily be added (as was done for Relay node) if, for example, it is agreed that Integrity protection is necessary for CIoT, or for the potential support of non IP data. 

Need for RLC functions depends very much on the functionality provided by the lower layers.  RLC can provide additional retransmission mechanism if the lower layer cannot guarantee sufficient reliability of transmission. It can also provide mechanisms for concatenation of data to make efficient use of the all the bits available in a physical block for transmission. LTE RLC is a light weight protocol that provides these basic functions and with the provision to turn off the re-transmission function if not needed.
As discussed in the control plane section above, the following logical channels will be required for CIoT: BCCH, PCCH for downlink only, and CCCH, DCCH, DTCH for Downlink and Uplink.
While many aspects of MAC are quite physical layer specific and will depend on what is agreed for CIoT, the functionality provided can be expected to be very similar to LTE MAC. The following transport channels are expected to be needed: Broadcast Channel (BCH), Downlink Shared Channel(s) (DL-SCH), Paging Channel (PCH), Uplink Shared Channel(s) (UL-SCH), Random Access Channel(s) (RACH). Depending on the physical layer, the functions provided by these MAC entities could be re-used. When some physical channels are not available, the UE feedback conveyed on the channels in LTE, e.g., CQI and ACK/NACK, can be piggy-backed in UL-SCH.
LTE user plane procedures need to be optimized carefully to maximize battery life of the CIoT devices. In that sense, to suppress unnecessarily frequent network access, other battery and resource saving features of MAC such as connected DRX, SPS and employing the minimum buffer size requirement for accessing the system could also be considered for CIoT.
The figures 1 and 2 below depicts the mapping between logical channels and transport channel for LTE that can be reused for CIoT:
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Figure 3: Mapping between downlink logical channels and downlink transport channels
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Figure 4: Mapping between uplink logical channels and uplink transport channels
It is important to verify whether the L2 user plane protocols (PDCP, RLC, MAC) generate an acceptable protocol overhead when operating at the low data rates expected for a narrowband LTE system. The figures provided in the Appendix show as such a goal can be reached.
Conclusion on user plane: LTE User plane protocols are configurable and well adapted to support CIoT requirements for efficient data transmission. Existing functionality of the LTE PDCP, RLC and MAC layers can be reused with minimal changes. They are also further extendable as needed for CIoT needs. 

The L1/2 design for a narrowband LTE solution as well as for the ongoing Rel-13 track should support TTI bundling or similar schemes enabling large transport blocks even at low L1 data rates. This will reduce the protocol overhead much more significantly than L2 header optimizations. 
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� SRB: Signalling Radio Bearer


� DRB: Data Radio Bearer
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