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1 Introduction

Existing LTE and UMTS system were designed and optimized per the traffic and mobility pattern of human communications. MTC has diverse traffic and mobility patterns. Small data transmission is one typical traffic pattern of MTC. Directly transmitting small data over existing LTE/UMTS would lead to high signalling overhead. When UE is idle mode, to transmit data, UE first enters connected mode by the service request procedure which includes, random access, RRC connection establishment, AS security context establishment and DRBs establishment. The idle-connected transition is the major signalling overhead of small data transmission.
Observation 1: The idle-connected transition is the major signalling overhead of small data transmission.

2 Discussion

Several solutions were identified by SA2 in LS [3] to optimize the signalling overhead of small data transmission. The solutions can be categorized as: idle-connected transition avoiding/reduction and idle to connected transition optimization.

2.1 Idle-connected transition avoiding/reduction
To avoid idle-connected transmission, one well known solution is to keep UE always in connected mode, refer to Ch. 5.1.2.3.1 of TR 23.887 [1]. For UE frequently transmits small data, this is an efficient solution. 
UE in connected mode costs more network resource:

· eNB/RNC needs to maintain UE AS context

· MME/SGSN needs to maintain the Iu/S1 connection

· SGW/GGSN needs to maintain GTP-U connection with RAN
If UE infrequently transmits small data, it doesn’t worth to keep the UE in connected mode. 

Observation 2: Keeping UE always in connected mode is suitable for UE frequently transmits small data
In UMTS, after data transmission, UTRAN can keep UE in RRC connected mode URA_PCH or CELL_PCH for long time. When UE needs to transmit again, it performs random access procedure to acquire resource of common E-DCH. If common E-DCH is not available, the UE sends cell update to re-establish radio bearer.
C-DRX in LTE may be extended to support similar function as UMTS CELL_PCH. However, when UE is in connected mode, inter-cell mobility requires handover procedure. Due to the coverage area of each cell is much smaller than TAI list, the cost in handover signalling may be larger than the saving in idle to connected transition avoiding.  
Another way to avoid idle-connected transition is to enable data transmission without RRC connection, a.k.a. connectionless data transmission. Three solution alternatives were received by SA2 for this:
· Alternative A: Small Data Fast Path, Ch. 5.1.1.3.6.2, [1]
· Alternative B: Connectionless Data Transmission, Ch. 5.1.1.3.6.3,[1]
· Alternative C: Common Iu/S1, S2-130328, [2]
In these solutions, RAN doesn’t have full UE context. So, PS handover is not supported. The security procedure is changed. Alternative A and C use security context between UE and core network for encryption and integrity protection. Alternative B uses cached AS security context for encryption and integrity protection. 
2.2 Idle to connected transition optimization
· Data over SRB
This solution avoids DRB establishment by transmitting data over signalling. SRB was designed for signalling transmission, hence has high redundancy and protection. Such high redundancy and protection are usually not needed for data. The signalling saving on DRB establishment may not compensate the extra cost of redundancy and protection of SRB. When control plane capacity is consumed by user data, the normal signalling transmission and processing capacity and performance would be downgraded. Such downgrade further downgrade the capacity and performance of whole system.
Observation 3: Data over SRB is not a really efficient solution for small data transmission

· RRC message combining (Ch 5.1.1.3.7, TR 23.887 [1])
This solution combines the number of RRC messages of RRC connection establishment from 7-9 (LTE) or 10 (UMTS) into 3.
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Figure 1: RRC message combination for LTE
Comparing with LTE, UMTS service request procedure has more room to optimize. In addition to RRC message combining, the UE radio capability can be cached in core network [4] to avoid UE radio capability delivery in air interface during every RRC connection establishment.
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Figure 2: RRC message combination for UMTS
The advantages of this solution include:
· Reduces both signalling and delay of idle to connected transition

· No impact to core network, or minor impact to UMTS core network if SGSN is enhanced to cache UE radio capability

· No any functional loss or restriction

· Useful for both MTC and non-MTC UEs
3 Conclusion
Proposal 1: Use RRC message combining as a general optimization for signal overhead reduction of RRC connection establishment.
Proposal 2: Keeping UE always in connected mode can be used for UE frequently transmits small data.

Proposal 3: Signalling shall not be used for user data transmission of a PDP context or EPS bearer
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