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1 Introduction
In this contribution we present alternate design for Uu interface for connectionless approaches. This contribution is an update of [1] submitted to RAN2#81bis.  
2 Discussion 
During RAN2#81bis it was agreed to categorise the solutions under chapter Ch. 5.1.1.3.6.2 and Ch. 5.1.1.3.6.3 in the SA2 TR [2] as Connectionless Approaches. For both these solutions SA2 TR mentions “A suitable RAN transmission mechanism is to be decided together with RAN groups”. We propose an alternate Uu interface design which is applicable to both these solutions. 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. .
Observation 1: The GW-ID provided to the UE needs to be appended with each UL packet when UE decides to adopt connectionless approach.
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 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. 

Observation 2: The S-TMSI provided to the UE needs to be appended with each UL packet when UE decides to adopt connectionless approach.

It is clear from SA2 TR [2], that fast path solution is intended to send small data when the UE is in ECM-idle mode without requiring the normal transition to ECM-connected mode. However, the messages (RRCConnectionRequest, RRCConnectionSetup) carry the “small data indicator” to indicate the usage Fast Path. The RRCConnectionSetupComplete does not include the “Service Request” but used to send the GW ID and data packet to the eNB. Further, RRCConnectionSetup is used to configure a default DRB. 
The Connectionless Data Transmission solution proposes to eliminate the need to establish S1-U tunnels per UE at each idle to connected transition and reduces state in nodes. This means since the connectionless S1-U tunnel is available always for the UE, when the small data is sent to the network there is no need to send the “Service Request” to the MME for every packet exchange. Further, all RRC messages are used for first data packet to establish AS security and DRB and for subsequent data packets reduced number of RRC messages are used.
We are wondering in what UE state these RRC messages are exchanged with the eNB for both the Fast Path and Connectionless Data Transmission.

Observation 3: In what UE state the small data packets are exchanged with eNB needs to be clarified.   
The security context identifier between UE and eNB/SGW need to be appended along with the UL packets. The security context identification in case of Fast path solution will be security header such as IPsec header or GLP header or like so [3] and for the connectionless data transmission a Token is proposed to be used [2]. So, either token or security header needs to be appended along with each UL and DL packet to identify the security context.

Observation 4: The security context identifier needs to be appended with each UL and DL packet when UE decides to adopt connectionless approach.
Proposal 1: RAN2 is requested to consider appending as minimum information as possible in each UL/DL data packets, when connectionless approach is adopted so as to reduce the overhead and size of the packets over the air.
3 Alternate Uu Interface for Connectionless Approaches
In the following we propose using the modified RACH procedure to transmit small data to the eNB. When the UE decides to adopt connectionless approach 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 connectionless approach. This should also keep the impact on the eNB and UE lower and simplify the UE implementation.
3.1 
UL handling of small data
The following figure show an example of how UE originated small data packet is passed from the UE in idle state to the eNB with the modified RACH procedure. As can be observed from Figure 1, only MSG-3 i.e. RA message is modified to include the indication for “connectionless approach” 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. 
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Figure 1: Modified RACH Procedure for Small Data Handling.
3.2 
DL handling of small data

When the DL packet for a UE intended to be delivered by connectionless approach 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 connectionless approach. 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 is in idle state, 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 as an alternate for small data handling for connectionless approach and capture it is RAN TR 37.869.  Details of modification to RACH procedure is FFS. Details of timer handling is FFS.   
3.3 
Data Radio Bearer Setup for Small Data 
In order to facilitate small data transmission it requires a data radio bearer (DRB) between UE and eNB. If the current approach of configuring the radio bearer is used it will add up on extra signalling overhead. So, in order to avoid the extra overhead in establishing DRB, we can use the following approach.
3.3.1 Default DRB configuration for Small Data

In this approach a default DRB is termed as Common Radio Bearer (CRB) is used for small data. The CRB can have a default configuration which is always pre-configured at UE and eNB. This CRB is mapped to the connectionless S1-U tunnel used in the CN for routing the small data. CRB configuration will have all the necessary protocol parameters for PDCP, RLC, MAC etc. This CRB with default configuration is activated in the NW at the reception of MSG3 for small data transmission and in UE at the reception of MSG4 as shown in Figure 2. 
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Figure 2: Activation of pre-configured default DRB.
Proposal 2: RAN2 is requested to consider configuration of DRB through a default pre-configuration. 
3.4 
Securing small data
In order to align with the LTE design principles, security for connectionless approach should be between the UE and the eNB. Moving the security termination point for user plane further inside the CN such as SGW would require new security layer and key handling mechanism. Doing so will increase implementation complexity in the UE and in the network and also new specification work. This will also require significant changes at the PDCP layer, as small data packets should not be protected at PDCP as the security is handled at the above layers. If the security termination at the SGW is considered then further clarification and detail study of new security layer like IPsec layer or upper layer protection between the UE and the SGW for securing the small data would be needed.   
Proposal 3: RAN2 is requested to consider security at eNB for connectionless approach. 

In order to reduce the complexity in deriving security keys and handling the security context, a separate security Key should be used for connectionless approach. When a separate key is used for the connectionless transmission of small data in idle state, PDCP COUNT need not be continued during connected state to idle state transitions. So using separate security key reduces the burden of handling the PDCP count. In order to reduce the complexity, PDCP count to be restarted from 0 for small data transmission in idle state.

Proposal 4: RAN2 is requested to consider a separate security context for connectionless transmission in idle state. Details of a separate security context are FFS in SA3.
4 Proposals
In this contribution the alternate design for Uu interface for connectionless approach 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 is requested to consider the modified RACH procedure as an alternate for small data handling for connectionless approach and capture it is RAN TR 37.869. Details of modification to RACH procedure is FFS. Details of timer handling is FFS.   
Proposal 2: RAN2 is requested to consider configuration of DRB through a default pre-configuration. 
Proposal 3: RAN2 is requested to consider security at eNB for connectionless approach. 

Proposal 4: RAN2 is requested to consider a separate security context for connectionless transmission in idle state. Details of a separate security context are FFS in SA3.
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