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5.3.3
Solution 3c. (FFS RACH-based Small Data Transmission)
This is similar to the connectionless data transmission (solution 3b) but the small data packet in uplink is transmitted in RRC_Idle state of UE using RACH procedure (Refer the message sequence depicted in Annex Figure XX). In this solution, there is no change to the preamble transmission and RA response (Msg-2) of the existing RACH procedure. In RA message 3 (Msg-3) UE includes the indication for connectionless transmission along with the S-TMSI and BSR. In response UE receives the contention resolution message (Msg-4) along with the grant to transmit the small data packet for which BSR was sent in Msg-3. The small data is transmitted on a default data radio bearer (DRB) which is activated at the eNB on reception of Msg-3 and at the UE on reception of Msg-4. The default configuration of DRB is pre-configured at UE and eNB. The default DRB is a common radio bearer between the UE and eNB for all PDN connections for which connectionless transmission is enabled. Therefore, for each UL packet transmitted the UE includes the gateway identifier (similar to connection ID in solution 3b) and S-TMSI. The default DRB configuration remains activated till the timers at UE and eNB are running and there is no need to execute preamble transmission and Msg-2 exchange if there is subsequent small data packet to be transmitted.
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Figure XX Solution 3c RACH based Small data transmission on Uu.

The security functionality is retained between the UE and the eNB and handled at the PDCP layer. A separate connectionless security context is used by the UE and eNB when the connectionless transmission mode is enabled. 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 is refreshed. (For details refer Section 5.7.4.5 of TR 33.868). For key refresh the only information that the UE needs to generate a unique key is MME nonce. UE initiates the RACH procedure for key refresh 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. 

5.3.3.1
RAN aspects

Table 5.3.3.1-1: Qualitative analysis for Solution 3c

	Applicability
	Applicable for both MT and MO cases. It allows the transmission of a single packet (pair) or multiple (UL/DL) packets. This solution is potentially useful in case of repeated small data transmissions in the same cell.
The solution is suggested but not described for UMTS. 

	Impacts to radio protocols
	1. The CL-Flag and BSR included in MSG-3 of RACH procedure. 2. UL grant/DL assignment included in MSG-4 of RACH procedure. 3. GW ID (same as connection ID in solution 3b) and S-TMSI included in PDCP header along with small data packet. The RRC state is specified as RRC_IDLE and NAS state is ECM_IDLE. 

	Impact on Mobility 
	RRC CONNECTED mode mobility is not required for the connectionless transmission mode. 

	AS Security impacts
	There would be impact on AS security procedure e.g. new connectionless security context. If UE reselects the target cell or PDCP count is about to wrap around or key lifetime has expired, UE should perform key refresh request where MME should be involved.

	Impacts to S1/Iu signalling
	Same as Solution 3b. 

	Impact to network implementation
	All network nodes - eNB, MME, SGW are impacted. 

1. eNB handles modified RACH procedure. 2. eNB should store the UE context, connectionless security context of UE, mapping between the GW ID and the SGW TEID. 3. Default DRB pre-configuration is required at eNB.
Derivation of the S-GW S1-U TEID from the GW ID should be available in the eNB.

If the eNB receives the GW ID and uplink IP packet from the UE, the eNB should be capable of deriving the proper S-GW S1-U TEID, assembling a GTP-U PDU using the received uplink IP packet, adding a GTP-U extension header with the eNB S1-U TEID and forwarding the GTP-U PDU on the S1-U interface to the S-GW.

	Impact to UE implementation
	1. Support of modified RACH procedure. 2. Supporting new AS layer procedures. (i.e., storing the connectionless security context for small data transmission and GW ID when the UE switches to idle mode, providing GW ID and S-TMSI to eNB for every UL packet)     3. Default DRB pre-configuration is required at UE. 

	Impact on UE Power Consumption
	From the UE power consumption point of view, there may not be big difference between normal procedure and optimized procedure. 

	Impact on control plane latency
	Since there is no S1 messages to MME and associated MME response delays, CP setup can be expected to be faster. 

	Impact on System/Spectrum efficiency
	UE radio capability can be part of default DRB pre-configuration so no special impact on spectrum efficiency is expected.

	Signalling gain
	Radio messages
	This solution does not require any RRC messages to be exchanged between UE and eNB, instead everything is handled by RACH procedure


	
	Bits over the air
	This solution reduces the number of bits over the air since it skips the RRC messages.



	
	S1/Iu interface signalling
	For all subsequent data transmissions in the same cell, there is no S1 signalling.




Table 5.3.3.1-2: Byte estimate for solution 3c
	Direction
	 Messages
	Bytes (DL)
	Bytes (UL)

	UL
	Preamble*
	 
	x

	DL
	Random Access Response (RAPID + RAR)
	7
	 

	UL
	RA Message-3** (1 Byte MAC header + 5 Byte S-TMSI + 1 or 2 Byte BSR and 1 Bit CL-Flag)
	 
	8 or 9

	DL
	Contention Resolution Message-4 (1 Byte MAC header + 5 Byte S-TMSI + 1 Byte MAC sub header + 20 Bits grant + 1 Bit default DRB activation)
	10
	 

	UL
	Data Packet + 5 Byte S-TMSI + 1 Byte GW ID + eKSI*** 4 Bits +  RLC Status Report 
	 
	9 or 10

	DL
	Data Packet + RLC Status Report
	3
	 

	 
	Total signaling (Bytes)
	20
	17 to 19


*Preamble can be selected from Group B such that grant for Msg-3 given in Msg-2 is larger than 56 bits.
**BSR can be 1 byte when separate sub header is not required. Normally Msg-3 does not contain BSR and Msg-4 does not contain grant.

***eKSI is 4 Bits according to section 9.9.3.21 of TS 24.301. eKSI is transmitted only for the first UL packet or whenever key refresh has to be initiated. During key refresh MME nonce (4 bytes according to section 9.1.2 of 33.401) is delivered to UE to derive new key.

*************************** TEXT PROPOSAL END ************************************
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