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1. Introduction 
The objectives in the WID for Nb-IoT [1] states amongst other, that for NB-IoT:

· MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer

SA2 are considering various architecture options for the S1-Lite interface. One option is based on a control plane solution, where data is sent in RACH message in a connection less approach. Another option is based in a user plane solution with a connection oriented architecture, where the UE is kept in RRC Connected state, but in a new Suspended mode.
RAN1 need to be able to evaluate the performance of technology proposals for NB-IoT without having to refer to the detailed functioning of the Gb interface. [4]
In order for RAN2 to specify the required radio protocol aspects, RAN2 needs to have the input from both the RAN1 evaluation as well as the SA2 down selection

Below we reflect on the SA2 options.
2. Discussion for S1-Lite Architecture

There are various proposals in SA2 for the architecture of the S1-Lite interface. Two broad classifications are:
· Connectionless architectures. In the connectionless architectures, the MO report is transmitted via a NAS message that is transmitted using “message 3” of the PRACH procedure.. A typical proposal for the signalling sequence used in the connectionless architecture is shown in Figure 1. In this figure, the details of the enhanced RACH message are not included (it is assumed by SA2 that they shall be studied by RAN WGs). 
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Figure 1 – Example signalling for connectionless S1-Lite architecture for MO small data (from TR23.720 section 6.3.1.2-2)

· Connection-oriented architectures. In connection-oriented architectures, the UE maintains an RRC connection and this RRC connection can be suspended and resumed. In the steady state (i.e. after the initial RRC connection has been set up), when the UE wishes to transmit data, it initiates a RACH procedure with the eNodeB in order to resume the RRC connection. Once the RRC connection has been resumed, UL / DL data can be exchanged with the eNodeB until the RRC connection is suspended or an RRC timer expires (via an “RRC connection suspend” type of command). Solutions 5 and 6 of TR23.720 [3] (sections 6.5 and 6.6) are considered to be “connection-oriented architectures”. A typical proposal for the signalling sequence used in the connection-oriented architecture is shown in the Figure 2.
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Figure 2 - Example signalling for connected S1-Lite architecture for MO small data (Figure 6.3.1.2-1 of TR23.720)

The detailed signalling flows for the S1-Lite architecture have not yet been defined or down-selected by SA2. A summary of the main proposals in the S1-Lite work is that the signalling associated with the connectionless and connection-oriented architectures may look as follows (the order of signalling may change according to the detailed solution chosen):
Connectionless architectures
· Random access request

· Random access response

· Layer 3 message (containing MO message)

· Contention resolution message

Connection oriented architectures
· Random access request

· Random access response

· Layer 3 message (containing RRC connection resume request) 
· Contention resolution message (containing RRC connection resume complete) 
· User plane message (containing MO message) 
· Layer 3 message (RRC connection suspend) 
The signalling flow for the connectionless architecture in particular looks similar to that associated with the Gb interface The connection-oriented architecture includes some extra RRC suspend / resume messages, but offers a richer set of communication possibilities once the connection has been resumed.
Observation 1: From a RAN2 perspective, the message flow associated with connectionless architecture is similar to that for the Gb interface, whereas the message flow associated with the connection oriented S1-Lite interface is more similar to legacy LTE, but with a new RRC state.
Based on the requirements in the new WID on NB-LTE [1], 
MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer

Regardless of the CN interface chosen in SA2, the RAN interface should re-use existing LTE as much as possible – e.g. the existing random access procedure should be re-used. For a connectionless approach based on a Gb solution the proposed enhanced RACH procedure would need to be updated to use the legacy LTE RACH procedure – more specifically, what is shown as step 1 in the procedure would map to Msg3 in the current RACH procedure, and the NAS message would be piggybacked in Msg5 in the current RACH procedure, in order to preserve the existing random access procedure. Otherwise there would be significant impact to the current LTE random access procedure because, for example, the contention resolution phase of the connectionless architecture’s PRACH procedure occurs after the transmission of a potentially large (e.g. 200 bytes) NAS message: this would appear to be inefficient in a heavily loaded system and may require entirely new channel definitions and MAC procedures for transmission of the random access preamble (Msg1, which according to the message flow in figure 2 is combined with Msg3) and RAR (Msg2, which according to the message flow in figure 5 is combined with Msg4).
An S1-lite architecture based on a connection oriented approach does not have any impact on the RACH procedure, and seems to have less overall impact as it would re-use existing LTE physical channels and MAC procedures – only new RRC definitions would be needed.

Proposal 1: The connection oriented approach is more comparable with the requirements in the WID and implies much less standardisation effort in RAN2 because it is closer to legacy LTE, therefore we recommend this feedback to SA2 for assisting with their down selection.
3. Conclusion
This document has considered aspects for RAN2 on defining the protocol impact for the light-CN work. RAN2 depends on input from RAN1 and SA2, but based on the objectives in the WID [1], we believe that out of two options for S1-lite interface, the connection oriented approach would fit the objectives more appropriately, and due to having a lot less impact, provides a better opportunity for completing the required work in the tight schedule for Rel-13. 
Observation 1: From a RAN2 perspective, the message flow associated with connectionless S1-Lite architectures is similar to that for the Gb interface ,whereas the message flow associated with the connection oriented S1-Lite interface is more similar to legacy LTE, but with a new RRC state.

Proposal 1: The connection oriented approach is more comparable with the requirements in the WID and implies much less standardisation effort in RAN2 because it is closer to legacy LTE, therefore we recommend this feedback to SA2 for assisting with their down selection.
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