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1. Introduction

In RAN#65 plenary, the new Study Item Small Data Transmission Enhancements for UMTS was approved [1]. The detailed objectives of this Study Item are:
· Device power saving enhancements (for example extended DTX/DRX cycles) (RAN1, RAN2)

· Signalling optimizations to support massive number of devices and/or optimize small packet transmission (for example control signalling overhead reduction) (RAN2, RAN1)

· Optimization of delay tolerant transmissions (RAN2)

· Investigate mechanisms to enhance coverage for low data transmissions, including above-mentioned optimizations (and for example time domain repetition of physical channels or signals) (RAN1, RAN2)
In this contribution we focus on how to minimise the RRC signalling for small data transmissions, considering the expected massive numbers of such devices.

2. Discussion
2.1
Overhead for small data transmission 
Figure 2.1-1 shows the L3 signaling that is required from Idle mode for a device to exchange a UDP packet (the red arrows) with the server. As can be seen, this is quite a large overhead especially for sending small amounts of data.
In connected mode, however, the amount of signalling required can be significantly reduced. For example, Fig. 2.1-2 shows the situation for transmitting the same amount of data from the URA_PCH state. The reduction in signalling is quite dramatic. The only overhead is the Cell Update preceding data transmission and the signaling needed to send the device back to URA_PCH after the transmission.
It can be noted that for UEs in CELL_FACH state or enhanced CELL_PCH state, the signalling is even less as the device does not need to perform a CELL UPDATE procedure.
Observation 1:
The RRC signalling for Small data transmissions can be significantly reduced by keeping them in CELL_FACH, CELL_PCH or URA_PCH, rather than sending them back to Idle mode when they have finished transmitting data.
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Figure 2.1-1: RRC signalling when accessing from IDLE
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Figure 2.1-2: RRC signalling when accessing from URA_PCH
2.2
Considerations on the Power saving state to use

During the RAN1#78bis meeting, several contributions have addressed the scenarios and traffic characteristics of delay tolerant and small data applications. Among the agreements is the following [3]: 

"The study should assume that UEs can be either fully stationary or moving at pedestrian/vehicular speeds."
The power-saving state that should be used depends on many factors, including the mobility of a device and the transmission frequency.
· For devices that have significant mobility, the optimal power-saving state is URA_PCH. It does not incur the large signalling overhead needed in Idle mode for transmitting small amount of data, as described above. It also does not require the Cell Update procedure when moving to a new cell in the same URA, as it is the case for CELL_FACH and CELL_PCH.

· For stationary devices, a better power-saving state is CELL_FACH or CELL_PCH depending on the amount of data activity. Since Rel-7, the CELL_PCH state has been enhanced so that a Cell Update is not needed prior to data transmission. In both CELL_FACH and CELL_PCH state, the UE can transmit and receive data without first performing a Cell Update. The difference is that explicit signalling is needed to send the UE back to the CELL_PCH state after data transmission.
· For devices that have no a priori mobility information, a good strategy is to keep it in CELL_FACH or CELL_PCH immediately after data transmission. If the device moves to another cell and performs a Cell Update, it is then sent to URA_PCH, instead. This way, the stationary devices can be served in CELL_FACH or CELL_PCH state for better latency and less signalling overhead while the mobile devices need to perform only one Cell Update when leaving the cell in which they have last transmitted but avoiding Cell Updates in subsequent cell reselections.
2.3
Further signalling reduction

When URA_PCH is used as the power-saving state, the need for making a Cell Update before transmitting data is a significant overhead for small data transmission. 
In [2], a solution was described where a device in URA_PCH could perform a transition to CELL_FACH and transmit data directly without first performing a Cell Update. In this scheme, the UE is configured with a dedicated E-RNTI when it transitions from CELL_DCH or CELL_FACH to a specific cell in URA_PCH. If the UE has not reselected another cell, it can use the E-RNTI to transmit data on a common E-DCH without performing a Cell Update. Such a solution could be considered, however it would also result in extra complexity in the Network which needs to be considered:

· It would significantly complicate the network's handling of E-RNTIs, especially for cells with significant through traffic. A cell may continuously allocate lots of RNTIs but may not be able to deactivate/reallocate them quickly. In the worst case, a UE in URA_PCH may not show up again until it performs a periodic URA update, which could be quite a long time. Also given that there is expected to be a "massive" number of small data devices per cell, allocating E-RNTI for each of these impacts the resources available for other users which are not delay tolerant e.g. smartphone users
· It would not provide any signalling gain for mobile UEs, given that when UE transmits data in new cell it would need to again perform the Cell Update procedure as shown in Figure 2.1-2.

· It may not work if a UE selects a cell different from the one indicated by the network during the transition to URA_PCH.
Given these observations, it is desirable to have a more general solution that takes mobility into account and works not just from one single cell but also from any cell in the URA.
Proposal 1:
The URA_PCH state should be enhanced with a simplified procedure for sending small amounts of data within the same URA, regardless of whether the UE has performed cell re-selection.

3. Conclusion

RAN2 is kindly requested to discuss and agree the following proposal:
Proposal 1:
The URA_PCH state should be enhanced with a simplified procedure for sending small amounts of data within the same URA regardless of whether the UE has perform cell re-selection.
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