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1 Introduction
In RAN#59 plenary meeting a new study item (SI) to study the RAN aspects of Machine-Type and other mobile data applications Communications enhancements was approved [1]. One of the objectives of the SI with respect to signalling overhead reduction is as follows:

	· Signalling Overhead Reduction:

· Improved RRC connection management (establishment, reestablishment, release) as well as potential mechanisms to support short-lived connections or connectionless approaches 

· Improved handling of small data during connected mode

· Associated radio and network (S1AP/RANAP) control plane signalling optimisations for the above procedures


The scope of this study is focused on the RAN impact analysis for the solutions identified for small data and device triggering enhancements (SDDTE) building block mentioned in the SA2 LS [2]. The LS lists the following SDDTE solutions for which RAN impact analysis is expected from RAN2 WG with the response LS:

	For SDDTE:

1. Ch. 5.1.1.3.1, “Small Data Transfer starting from RRC IDLE (E-UTRAN): Use of pre-established 

2. Ch. 5.1.1.3.2, “Optimised handling of C-plane connection for Small Data and Device Trigger Transmission without U-plane bearer establishment in E-UTRAN”;
3. Ch. 5.1.1.3.4, “Stateless Gateway for cost efficient transmission of infrequent or frequent small data”;
4. Ch. 5.1.1.3.5, “T5 based downlink small data transfer using RRC message”;
5. Ch. 5.1.1.3.6.2, “Small Data Fast Path”;
6. Ch. 5.1.1.3.6.3, “Connectionless Data Transmission”;
7. Ch. 5.1.1.3.7, “Service Request signalling reduction by RRC message combining”;

8. Ch. 5.1.2.3.1, “ Keep the UE in connected mode”;


The initial response LS is expected by SA2#98 July 2013 and additional response by SA2#99 Sep 2013 in case RAN2 WG receives LS on further progress in SA2 for down selecting solutions. With this background information, in this contribution we present the design for Uu interface for optimized user plane solutions. 
2 Uu Interface for User Plane Solutions
We categorise the solutions under chapter Ch. 5.1.1.3.6.2 and Ch. 5.1.1.3.6.3 in the SA2 TR [3] as User Plane Solutions as explained in [4]. For both these solutions SA2 TR mentions “A suitable RAN transmission mechanism is to be decided together with RAN groups”. Since details of Uu signalling for both solutions is FFS we had to assume an optimised Uu interface design as proposed below which is applicable to both these solutions. The proposed Uu interface design is assumed to perform overhead analysis for different solution documented in companion paper [4].
The basic principle for both solutions is based on providing information to the UE about the end-point of the PDN Connection or its bearer(s) in the SGW. The UE can then append this information to small data that is sent UL to the eNB. The eNB uses the appended information and creates a GTP-U PDU and passes the small data packet on the S1-U to the SGW. This means the UL packet carrier sufficient information in its headers to be routed along the user plane path in core network. This information refers to “Bearer Resource ID” for fast path solution and “Connection ID” for connectionless transmission solution. Even though the exact format and size of this information is FFS, the functionality of this information is to enable the eNB to identify the S-GW for forwarding the UL packet. For the sake of simplicity we generalize this information as “Gateway ID” (GW-ID). It is assumed that this GW-ID is provided to the UE during initial ATTACH procedure and updated with TAU procedure due to S-GW relocation. We assume the GW-ID as 8 bits for overhead analysis.
Observation 1: The GW-ID provided to the UE needs to be appended with each UL packet when UE decides to adopt the optimized user plane solution.
It is common understanding that the GW-ID alone is sufficient for the eNB to route the UL packet to the appropriate S-GW. However, this depends on the type of S1-U tunnel between eNB and S-GW and the S5/S8 tunnel between S-GW and P-GW. In our understanding some kind of UE context is maintained at the eNB and S-GW when the S1-U tunnel is active i.e. the timer at eNB and S-GW is running. We think this UE context at the eNB and S-GW comprises the UE identity. Currently, the eNB identifies the UE based on the S-TMSI allocated to the UE by the MME. However the S-GW identifies the UE based on the IMSI. Therefore, it is required to maintain a mapping of S-TMSI to IMSI while handling DL/UL packets at the S-GW i.e. S-TMSI appended in the UL packet is replaced with IMSI and forwarded to P-GW for charging/policing purposes. Likewise, the IMSI appended in the DL packet is replaced with S-TMSI and forwarded to eNB for delivering the DL packet to appropriate UE. It is also assumed that the S-TMSI is provided to the UE during initial ATTACH procedure and the assignment is done for unique UE identification. S-TMSI size of 40 bits is accounted in the overhead analysis.
Observation 2: The S-TMSI provided to the UE needs to be appended with each UL packet when UE decides to adopt the optimized user plane solution.

It is clear from SA2 TR [3], that fast path solution is intended to optimize for small data for UEs in ECM-idle mode. However, for connectionless transmission solution whether the small data handling should be done in ECM-idle mode or ECM-Connected mode is not clear from SA2 TR. Our understanding is aligned with the intention of fast path solution. 

Observation 3: Optimized user plane solution is intended for small data handling for UEs in ECM-idle mode.   
In the following we propose using the modified RACH procedure to transmit small data to the eNB. When the UE decides to adopt the optimized user plane solution for transmitting small data then the existing RACH procedure is slightly modified for data handling. When the UE decides to adopt legacy procedure for transmitting data then there is no change to existing procedure. Therefore, the modified RACH procedure is an add-on function i.e. it does not replace any existing system function but it can be used if the network and the UE support the optimized user plane solution. This should also keep the impact on the eNB and UE lower and simplify the UE implementation. 
2.1 
UL handling of small data
The following figure show an example of how UE originated small data packet is passed from the UE to the eNB with the modified RACH procedure.
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Figure 1: Modified RACH Procedure for Small Data Handling.
As can be observed from Figure 1, only MSG-3 i.e. RA message is modified to include the indication for “optimized user plane solution” so that eNB takes necessary further action, which includes not establishing legacy RRC connection and further avoiding RRC exchange for reconfiguration (i.e. measurement configuration) and AS security exchange. With MSG-4 contention is resolved and UL grant is provided to transmit UL small data packet in MSG-5. The UL small data packet carries in its header the necessary information i.e. the GW-ID and S-TMSI to enable the eNB to route the packet to appropriate S-GW. With the transmission of UL small data in MSG-5, a timer may be started at UE and eNB so that temporary C-RNTI allocated to the UE for data transmission/reception on PUSCH/PDSCH is handled in the legacy manner without any change to the physical layer. The temporary C-RNTI allocated to UE becomes invalid after timer expiry. Also, when the timer is running for subsequent UL transmission, there is no need to follow the entire RACH procedure but some optimisations can be introduced for handling subsequent UL grant. 
2.3 
DL handling of small data

When the DL packet for a UE intended to be delivered by optimized user plane solution arrives at the S-GW and the S-GW does not know the current serving (camped) cell of the UE, the S-GW sends the DDN message to MME to initiate paging procedure. The UE is paged with an indication in page message that it can expect DL data delivery through optimized user plane solution. With this indication the UE responds to page with initiating the modified RACH procedure of Figure 1. With the page response; the S-GW comes to know the current serving (camped) cell of the UE. It forwards the DL packet to the current serving eNB on the S1-U tunnel. The MSG-4 can be modified to include the DL assignment instead of the UL grant. The DL assignment may or may not be in the same sub frame where MSG-4 is received. Since the UE state is ECM-idle, it may expect the DL packet delivery during one of its paging opportunity. Timer is also maintained at S-GW so that paging is not initiated for subsequent DL packet. Details of timer handling at UE, eNB and S-GW are FFS.    
Proposal 1: RAN2 is requested to consider the RACH procedure for small data handling as the baseline. Details of modification to RACH procedure is FFS. Details of timer handling is FFS.   
3 Proposals
In this contribution the design for Uu interface for optimized user plane solutions is proposed. The proposed Uu interface signalling is applicable to both fast path solution and connectionless transmission solution. It is therefore, proposed that RAN2 agrees on the following proposal:
Proposal 1: RAN2 to consider the RACH procedure for small data handling as the baseline. Details of modification to RACH procedure is FFS. Details of timer handling is FFS.
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