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1 Introduction

In RAN#65, a new SI on Small Data Transmission Enhancements for UMTS was approved [1]. In RAN2#88, the topic was discussed in detail and some agreements were captured in [2], also copied below:
	Agreements 

General 

· RAN2 will not define explicit target for the number of "small data" devices to support
Power saving enhancements 

· Study the feasibility of longer DRX up to 40 seconds.  Power saving enhancements will not be applicable to CELL_DCH state.  FFS for what other states these enhancements will be applicable to.
· The impact of UE measurements on power consumption for UEs performing longer DRX operation should be taken into account. 

Massive number of devices
· For massive number of devices we will not study enhancements to CELL_DCH
· We will study access control mechanisms for PCH states when seamless URA_PCH or CELL_PCH are not supported

· We will study mechanisms to seamless URA_PCH to CELL_FACH transitions




From the agreements above, we could see that CELL_FACH state is the only state that can be used for uplink small data transmission. In this contribution, we analyze the uplink small data transmission in CELL_FACH state using common E-DCH resource; analysis and proposals are given according to the characteristics of small data.
2 Discussion
2.1 Traffic model of small data
In RAN1#78bis meeting, the traffic model of small data has been agreed and captured in [3], which include:

The study should target improvements for any services with the characteristics that data bursts in UL/DL are small and rather infrequent with no strict requirements on delay. 

Typical examples of traffic characteristics that can be used for the small data transmission study follow. 

	Traffic parameter
	Value

	application packet size
	100 bytes (UL); 100 bytes (DL)

	latency1
	5s to 30min; 1hour for no mobility (static, pedestrian)

	frequency
	every minute and up to monthly


1 latency is the duration from when the packet arrives at the buffer until it is completely transmitted (delay tolerance of the application)

The study should assume that UEs can be either fully stationary or moving at pedestrian/vehicular speeds.

Small data transmission enhancements shall be able to coexist with legacy mixed traffic on the same carrier.
According to the traffic model, it can be seen that the small data has very fixed size and interval which is different from legacy traffic. When it is transmitted, it is predictable when the transmission will begin and end.
2.2 Optimisation of small data transmission using common E-DCH
As one of uplink data transmission options, common E-DCH was introduced in Release 8 to reduce the state transition to CELL_DCH state, especially for keep-alive traffic. There exist at most 32 sets of common E-DCH resources which are broadcasted in System Information Block 5 [4].

Considering small data transmission, there will be a massive amount of devices waiting for sending uplink data packets, which will occupy the common E-DCH resource and impact the transmission of legacy UE. For example, the blocking probability will become higher and the access delay for legacy UE will be longer when a massive amount of devices are put in CELL_FACH state to compete for common E-DCH resources.
In RAN2#89bis, it has been agreed that the Access Group mechanism will be expended to be used for access control of UEs in URA_PCH or CELL_PCH state without seamless transition.
However, this can only control the access of the whole group assigned by the RNC and cannot control the access of devices within one group. Even if one group is permitted to send uplink data packets, the impact to legacy UEs cannot be avoided. Considering the massive number of devices, the impact may be quite significant, e.g transmission latency of legacy UE.
To avoid the negative impacts, more accurate access control mechanisms are needed to differentiate legacy UEs and devices with small data transmission. 
Proposal 1: After introducing AG group mechanism, the other access control mechanism are still needed to control the access of devices of small data transmission, which can further avoid the impact to legacy UE.

As one option, the RNC can broadcast different random access parameters for device to transmit small data to control their access. For example, the RNC can give specific signatures, access slot or dynamic persistence level for this type of traffic. For legacy UE, all the signatures can be used to avoid the signature splitting further, while only partial signatures can be used for devices to transmit small data. 

This has been depicted in the figure below where all the signatures can be selected by legacy UEs and only partial signatures can be used for both legacy UEs and UEs supporting SDT.
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In this case, the RNC or Node B can perform different access control for small data transmission and legacy traffic. The transmission of legacy traffic can be ensured if strict access control is applied for small data transmission.
Proposal 2: The RNC can send different access parameters for small data transmission devices and for legacy UEs for accurate access control.
Except for access control, the other option is to optimize the common E-DCH occupation according to the traffic model or device type.

During common E-DCH transmission, the UE will start the implicit timer which is set to E-DCH transmission continuation back off timer when there is no uplink data packet in the buffer. After expiration of the timer, the UE will send Scheduling Information with TEBS = 0 and then release the common E-DCH resource.
The E-DCH transmission continuation back off timer is carried in SIB 5 for all the UEs in the cell and the value varies from 0 to 80 TTIs. The intention of the timer is to keep the common E-DCH resource for a period. This can avoid the random access again when there will be uplink or downlink data packets arriving shortly after resource release. 
However, for most of cases, it could be assumed that there should be only one data packet arriving at a time for small data transmission, and very likely there will be no data packets coming soon. It is unnecessary to keep the resource for a rather longer period, i.e. a longer timer. 
It will be much better to release the common E-DCH resource immediately for small data transmission UEs to improve the resource utilisation. For example, a smaller value or 0 could be introduced for this type of transmission. Concretely, the RNC can set the value in SIB or through dedicated RRC signalling sending to this type of UEs.
Proposal 3: A different release timer is introduced for specific UEs of transmission with less frequent and small data.
Sometimes, the RNC cannot know the traffic model of devices in the cell, especially there may be several of traffic simultaneously for one device. In this case, it is unavoidable that the release timer may be set to be a large one and there is only DPCCH sending during the time.
To avoid the interference to the other UE, the DPCCH can be omitted until there is uplink data transmission, which is similar with DTX in CELL_DCH state. And it is proved that the cell capacity can be improved through the mechanism.
Meanwhile, the UE can still monitor downlink data channel and control channel when the DPCCH is not transmitted, e.g. E-AGCH monitoring.
Proposal 4: For small data transmission UEs, the DPCCH should not be transmitted when there is no uplink data packet to transmit.
3 Conclusion
In this paper, we list the possible optimizations of small data transmission using common E-DCH resource to improve the resource usage efficiency and reduce the negative impact to legacy UEs. Based on the analysis, it is proposed that:
Proposal 1: After introducing AG group mechanism, the other access control mechanism are still needed to control the access of devices of small data transmission, which can further avoid the impact to legacy UE.

Proposal 2: The RNC can send different access parameters for small data transmission devices and for legacy UEs for accurate access control.

Proposal 3: Proposal 3: A different release timer is introduced for specific UEs of transmission with less frequent and small data.
Proposal 4: For small data transmission UEs, the DPCCH should not be transmitted when there is no uplink data packet to transmit.
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5 Annex: Draft TPs 
6.3.x Access control 
The Access Group mechanism will be expended to be used for access control of UEs in URA_PCH or CELL_PCH state without seamless transition. However, this can only control the access of the whole group assigned by the RNC and cannot control the access of devices within one group. 
So the other access control mechanisms are still needed to control the access of devices of small data transmission, which can further avoid the impact to legacy UE. For example, the RNC assigns dedicated parameters for small data transmission, such as access signature, access slot or dynamic persistence.
6.3.y Resource optimizations
Given the traffic pattern of small data transmission which is more delay tolerant and less frequent than normal data transmission, it is desirable to study some further optimizations dedicated to such type of data traffic to improve transmission efficiency. Such optimizations could include common E-DCH resource utilization, for example, common E-DCH resource release timer, or no DPCCH transmission when there is no uplink data.
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