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1 Introduction
In this contribution we propose to adopt the text proposal for RACH based small data transmission in TR 37.869. This contribution is an update of [1] submitted to RAN2#82.  
2 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 which 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.
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 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” and BSR. On receiving the CL-Flag in MSG-3 eNB takes necessary further action, which includes not establishing legacy RRC connection and further avoiding RRC exchange for reconfiguration (i.e. measurement configuration and/or AS security exchange). The BSR is included in MSG-3 so that eNB can provide UL grant for transmission of small data. A data radio bearer (DRB) between UE and eNB needs to be established for small data transmission. 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 propose a default DRB termed as Common Radio Bearer (CRB) to be 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. The CRB is activated in the eNB at the reception of MSG-3 and an associated timer is started as shown in Figure 1.

With MSG-4 contention is resolved and UL grant is provided to transmit small data packet. The CRB is activated in the UE at the reception of MSG-4 and an associated timer is also started. The established CRB between the UE and eNB is used for all PDN connections for which connectionless transmission is enabled. Therefore, for each UL packet transmitted the UE includes the gateway identifier (GW-ID is similar to connection ID) and S-TMSI. 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. The temporary C-RNTI allocated to the UE in MSG-2 remains valid till the timer started at UE and eNB is running. Thus for connectionless approach the 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. This can be achieved in a number of ways, for eg., when UE is transmitting first UL packet and if there are some more small data packets in the UE buffer, the UE may include BSR along with the first UL packet. If the next packet arrives in the UE buffer after transmitting the first UL packet and the timer is running then during the paging opportunity (remember UE is in idle mode), the eNB may poll the UE to send BSR.
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Figure 1: Modified RACH Procedure for Small Data Handling.
2.2 
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.  
2.3 
Securing small data

In order to align with the LTE design principles, security for connectionless approach should be between the UE and the eNB. In order to reduce the complexity in deriving security keys and handling the security context, a separate security context is proposed to be used for connectionless approach. The connectionless security materials such as Alg-ID, MME nonce, eKSI, etc is provided to the UE during initial attach procedure with an associated life time. The UE uses the connectionless security context and derives the security key (KCLT) for encrypting the small data packet. Along with the encrypted small data packet the UE passes the eKSI for the first UL transmission. The eNB requests the MME to derive and pass the security key (KCLT) for the small data protection by providing the eKSI. When the UE is in idle mode, it uses the established context for the further small data transmissions in the same cell and till the life time of the key. When the UE moves to connected mode, the connectionless security context for the small data traffic is deleted and the UE may follow the existing procedure for establishing the AS security context. During connectionless transmission mode if the lifetime of security key expires or there is a cell change or PDCP COUNT is about to wrap around then the security key (KCLT) is refreshed. (For details refer Section 5.7.4.5 of [2]).
For key refresh the only information that the UE needs to generate a unique key is MME nonce. There are two alternatives how this could be handled: 

1. Full service request and RRC connection establishment to get the new parameter for deriving the security key (KCLT) (we do not prefer this option)

2.  As mentioned when the UE performs cell-reselection it knows it has to do key refresh by getting the MME nonce. If there is small data transmission, then first UE initiates the RACH procedure and sends the eKSI to eNB. Further steps include eNB-MME exchange on S1-MME where MME provides the MME nonce to eNB. The way eNB delivers the DL packet, the MME nonce is also delivered in same way on PDSCH. 
Proposal 1: RAN2 is requested the text proposal provided in the accompany contribution [3] be adopted in RAN TR 37.869.  
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