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1 
Introduction

In this contribution, we continue discussion on S1 signalling optimizations for C-IoT services. Especially, we focus on RAN impacts of two solution tracks discussed in SA2#110-AH meeting:
1. Data transmission over control plane in a new so called light weight CN architecture

2. Data transmission over user plane in the existing EUTRAN+EPS architecture.

Both solutions have RAN impacts (RAN2, RAN3 and RAN1) which should be discussed before selecting the solution. On the other hand, we note that the solution for signalling reduction does not depend on the chosen narrowband solution track for the physical layer (NB-LTE, NB-CIoT, etc) and can be discussed separately.
2 Overview of solutions
In SA2, at least following solutions have been discussion and captured in TR 23.720 [1]:

· Solution 1: “Lightweight CN architecture for Narrowband CIoT”
· Solution 2: “Infrequent small data transmission using pre-established NAS security” (using light weight CN architecture)
· Solution 3: “Connectionless small data transmission with immediate return to idle”
· Solution 4: “CIoT Architecture for efficient non IP small data transmission”
· Solution 5: “UE state transition signalling reduction”
· Solution 6: “User plane based solution with enhanced ECM-CONNECTED state”
· Solution 7: “Paging for static and dynamic coverage enhancement (CE) level”
· Solution 13: “RRC FastConnect for Service Request” [4]
Solutions 1-4 are control plane based solutions and 5, 6 and 13 user plane based. For simplicity of discussion, and without implying endorsements of any sorts, here we focus on Solution 3 (one of the control plane solutions) and Solution 5 (one of the user plane solutions). Similar considerations apply for the other control plane and user plane solutions.
In Solution 1-4, a new core network architecture is introduced. In this architecture, the eNB is connected to a new node C-SGN with the interface named S1-lite. 
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Figure: 6.1.1.2-1: CIOT architecture (non-roaming) from TR 23.720
The example signalling flow to transmit small data is depicted in the figure below (example taken from Solution 3 in TR [1]). In the solution, the communication consists of three steps, 1) enhanced RACH including UE ID and connectionless mode indication, 2) RA Response and 3) Msg3 including actual data.
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For comparison, in Solution 5, the main idea is to re-use current EUTRAN and EPS architecture. Data is sent from the eNB to the S-GW via S1-U as today. The transition to the connected mode is optimized by storing the RRC context as well as DRB configuration of the previous connection. During dormant period, the UE is in RRC Suspended state which is similar to RRC IDLE state except that the RRC context, AS security context as well as DRB configuration is stored both in the UE as well as in the eNB. 

The signalling diagram is depicted below and includes the following steps: RA preamble, RA Response, Msg3 including RRC Connection Resume Request and Msg5 including RRC Connection Resume complete. After that UL/DL traffic can be transmitted. As described in [3], the solution can be further optimized by sending user plane data over the pre-established DRB in Msg3 already in case data fits to Msg3. This is possible as currently MAC can multiplex both SRBs and DRBs.
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As can be seen, in both CP- and UP-based solutions, the number of messages is minimized to a bare minimum. In the CP-based solution, more information is sent in the first message. This reduces the number of messages but on the other hand, decreases spectral efficiency as the message is sent over the shared contention based channel and is subject to collisions. The solution has also significant L1 impact. In the UP-based solution the existing Random Access procedure is used.
Commonalities of these two categories of solutions are:
· Mobility when not transferring data: idle mode mobility is applied. This means that the UE applies cell selection/reselection to camp on a suitable cell when moving. 

· DRX: Between data transfers, in both solutions the UE goes to long sleep. In that state, either idle  mode long DRX (as introduced in LTE Rel-13) or power saving state (as introduced in LTE Rel-12) can be applied. 
On the other hand, the main differences are:
· In the first solution (lightweight CN architecture), the data is sent over SRB whereas in the second solution over DRB.

· In the first solution AS security is omitted for the payload and NAS security is applied instead where additional overhead from integrity protection (MAC) is added to each packet sent over the radio interface. In the second category of solutions, current AS security (encryption and integrity protection) is applied. The saving in the signalling is achieved by re-using the security context of the previous connection.

3 RAN impacts of the solutions
In principle, both solutions have RAN impacts, both in terms of standardization as well as implementation. In the following, we highlight some main impacts that need to be taken into consideration when selecting the solution.

3.1 QoS handling

In the current QoS framework, each data bearer is associated with QCI and corresponding delay, packet loss and data rate requirements.

In RAN, the EPS bearer is mapped to the data radio bearer where each bearer has its own PDCP and RLC entities. In the MAC layer, the bearers are separated by logical channels and logical channel groups.    
The current way of mapping the bearers to the L2 protocol stack allows the scheduler in the eNB to allocate resources for each bearer according to the QoS parameters of the bearer. Traffic is queued in the PDCP/RLC layer. Having separate queues for each bearer allows the eNB to serve the packets of different bearers in the priority order. In DL, the eNB can schedule packets for different bearers based on the queue status and delay budget. In UL, the eNB controls scheduling but this is based on Buffer Status Reports (BSRs) received from the UE. In the buffer status report, the UE indicates per Logical Channel Group (LCG) how much data it has in the buffer. Based on this, the eNB can schedule the data. In addition, Logical Channel Prioritization (LCP) function in the UE MAC layer controls prioritization of traffic between bearers when the UE has received a scheduling grant.
It should be noted that similar to prioritization between DRBs, the current framework allows prioritizing traffic between SRBs and DRBs. For example, SRB can be allocated to highest Logical Channel Group, meaning that it gets resources quicker than other traffic.
In control plane based solution (lightweight CN), it is anticipated that traffic is transmitted over SRBs (SRB1 or SRB2). This means that the eNB does not have means to schedule traffic according to its QoS requirements. For example, it could be that the SRB gets over-prioritized as compared to other traffic from the same or different UEs.
Observation 1 Transmitting user plane data over SRBs disables the usage of current QoS framework and prioritization of the packets by the scheduler in the eNB

3.2 Robust header compression

TR 23.720 [1] describes traffic models for CIoT which are characterized as “small and infrequent”. Typical packet sizes used in calculations are about 50 to 200 Bytes and those are expected to be transmitted rarely. Considering small data size, the TCP/IP headers constitutes significant overhead (e.g. 40Byte, depending on header format). Thus header compression plays significant role in reducing overhead bits.
In today LTE, header compression (ROHC) is supported in the PDCP protocol for user plane bearers (DRBs). By this way, e.g. 40 bytes header can be compressed to ~4 bytes. Compression can be done for all packets expect for few packets in the beginning of session when control information is sent (IR packets).   

Currently, ROHC context is reset when the UE goes to RRC idle state. In the user plane based solution, RRC parameters can be stored when the UE goes to RRC Resumed state. It is possible to store also ROHC context in this scenario. When the UE moves to connected mode again, the same context can be used and there is no “full-header” overhead for the first packet. 

For control plan solutions, there is no header compression method available. Thus, in [5], solutions are discussed where header compression is performed in CN node, e.g. in C-SGN. This would imply that a new functionality needs to be standardized and implemented in the core network node. 

Observation 2 Header compression is important to reduce overhead of IP packets

Observation 3 If data is transferred over user plane,  PDCP functionality for header compression can be re-used for C-IoT 
3.3 Control plane processing impacts 

RRC uses ASN.1 to encode messages. This allows for a great level of flexibility and is efficient in terms of overhead. However, encoding and decoding of ASN.1 is relatively complex and therefore requires a lot of processing power in the eNB and the UE. Therefore, embedding user data into RRC PDUs either directly or as NAS PDU significantly increases the processing load. In the past, network vendors already raised concerns about this processing load in particular in a system that has to handle many UEs. 
As concluded in Rel-12 study for small data transmission [2], sending data over control plane would lead to increased processing requirements/load at the eNB.
Observation 4 Sending data over the control plane would increase processing requirements/load at the eNB
3.4 Scalability and flexibility of solutions
TR 23.270 discusses very specific use cases and traffic scenarios. Providing optimizations in RAN and CN for those use cases can be important but it should not be only objective. It is not meaningful to introduce a complex solution and a new architecture with new interfaces only for certain payload sizes and packet inter-arrival rates as it is not known how the traffic looks in future.
In principle, a data-over-NAS type of solution could be used for any small data e.g. together with Rel-13 MTC enhancements for coverage and low cost. However, if the UE sends more traffic, then it should perform normal RRC connection establishment. This increases signalling overhead.
In user plane solutions, the UE moves to the RRC Connected state in optimized way. This means that when data is to be transmitted, the UE AS context is readily available in the UE and the eNB which reduces the signalling overhead (re-use of cached relevant information). If there is more data to come (unexpected or expected), then this data can be transmitted without Security mode command and RRC reconfiguration messages. Due to this, the solution is scalable for different traffic types and characteristics.  This means that solution scales even if the UE has more data to send than few hundred bytes and just one packet UL and DL. 

It should be noted that in the current networks, most of traffic come from smartphones. Typically the traffic is chatty in nature and the RRC connection lifetime is rather short. By optimizing state transitions, signalling load of smartphone traffic can also be minimized by reusing the context retention concepts developed for CIoT to for smartphones.

Observation 5 User plane based solution reduces signalling overhead of any type of traffic independent of the payload size
Another aspect that has not been discussed in SA2 or RAN2 so far is overhead due to dedicated RRC configuration. Currently, the eNB can configure dedicated RRC parameters already in Msg4 (RRC Connection Setup). This allows configuring e.g. physical layer parameters (e.g. transmission mode and CSI configuration) in such way that actual transmission can be done in optimized way. When transmission mode is optimal, radio resources as well as UE power is saved. Today, the RRC connection establishment procedure includes another RRC Connection Reconfiguration after security activation. This can be used to configure e.g. bearer specific parameters in RLC and PDCP. 
Dedicated configurations are important to allow both UE specific configurations (e.g. different UE categories) and also enable to enhance radio access over different releases. Benefit of user plane solutions is that the UE specific parameters can be stored when leaving RRC Connected and reused later again.

Observation 6 Storing RRC parameters when leaving RRC Connected state allows flexible usage of UE specific parameters (dedicated RRC parameters) without introducing overhead

4 Conclusion
In this contribution we made the following observations: 

Observation 1
Transmitting user plane data over SRBs disables the usage of current QoS framework and prioritization of the packets by the scheduler in the eNB
Observation 2
Header compression is important to reduce overhead of IP packets
Observation 3
If data is transferred over user plane,  PDCP functionality for header compression can be re-used for C-IoT
Observation 4
Sending data over the control plane would increase processing requirements/load at the eNB
Observation 5
User plane based solution reduces signalling overhead of any type of traffic independent of the payload size
Observation 6
Storing RRC parameters when leaving RRC Connected state allows flexible usage of UE specific parameters (dedicated RRC parameters) without introducing overhead


We propose to discuss these observations and send feedback to SA2:
Proposal 1 Discuss observations in this document and send feedback to SA2
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