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1 Introduction

In the RAN Meeting #65, Study on Small Data Transmission Enhancements for UMTS was approved as one of the topics to be studied as part of 3GPP Release 13 [1]. According to the SID:
The study should consider the following aspects:

· identify the targeted standard related small data applications, delay tolerant applications, and applications relevant to massive deployment of devices 

· identify the key traffic characteristics of these applications

· identify any relevant requirements (e.g. related to latency, power and coverage*) for these applications

· identify any potential problems or system bottlenecks relevant to these applications and requirements 

From the identified requirements, the study should then consider potential technical solutions, for example:

· 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)

Minimizing the impact on the physical layer, and on legacy terminals and networks, are important aspects for any considered technical solutions. Enhancements possible with existing UE hardware are prioritized.

* The priority of the coverage extension is to balance the link budget of different channels and signals.

** The study on DTX/DRX cycles should consider the findings in 3GPP TR 23.887. If necessary, RAN WGs should liaise with SA WGs.

In this contribution we provide some general considerations on the signaling aspects for the following subtopics:
· 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)
2 Discussion
With the anticipated billions of connected devices that come with the Internet of Things, machine communication will become an important part of a mobile network. The main objective of this study is to facilitate the accommodation of a large number of some of these devices in UTRAN, including how they can co-exist with normal network traffic. Many of the issues have already been studied in a wider scope in an earlier study [2]. The focus here is on providing solutions for small-data applications with infrequent transmissions that are not too delay-sensitive, with an emphasis on RAN-internal solutions that have as little an impact on the CN as possible. The solutions should also minimize the impact on the physical layer and existing UE hardware. (See also [3].)
Some of the necessary enhancements, as outlined in the Study Item Description, are:
· Signaling optimizations of small-data transmission
· Support of massive number of devices
· Device power saving enhancements

The delay-tolerant nature of some of this traffic should also be exploited in the enhancements.
2.1 Signaling optimizations for small-data transmission
Infrequent transmissions of small amount of data can lead to rather inefficient use of resources in both the UE and the network. A fully active connection consists of different parts: a dedicated radio connection, a RAB, and an IP-CAN bearer between the UE and the PDN, the packet data network. There is a large overhead in keeping the full connection up while the device is not active, for example,
· maintaining the quality of a dedicated radio connection when in CELL_DCH, 

· monitoring DL transmissions when in CELL_FACH, 

· waking up from DRX periodically to monitor paging and perform mobility measurements when in one of the PCH states, 
· performing periodic and mobility-triggered area updates where the area can be cell, URA, or Routing Area.

It may be a better strategy to keep only part or none of the connection when the UE is inactive. Re-establishing the full connection before each transmission is still a substantial overhead compared to the amount of data that is being transmitted. Fig. 1 illustrates the transmission of a small amount of data starting from the IDLE state without an active PDP context. It is obvious that the amount of signaling is many times that of the data, and it will have a definite impact on latency, UE battery consumption, and network capacity. It is therefore beneficial to reduce the number of messages and/or the size of individual messages.
Suggestion 1
Investigate mechanisms for reducing the amount of signaling overhead for small-data transmissions.
2.2 Support of massive number of devices

Due to the low activity level of devices with small-data applications, it is possible to support a large number of devices in the network based on the average load. There are at least two issues that need to be addressed.
First, the number of devices that can be addressed by UTRAN is limited by the available UE identities. Currently, the U-RNTI (which is a combination of the S-RNC ID and the S-RNTI) can address a maximum of roughly 4 million UEs per RNC, which is a potential limitation. For example, for a large RNC with 4000 cells, the number of IDs available per cell is only 1000, which is barely enough for normal subscribers. 
Second, with a large number of low-activity devices in the network, there is a danger that they might try to access the network all at the same time. It may be triggered by some external events, inadvertent scheduling in the devices, or the restarting of some network nodes. The network resources allocated to the devices are usually dimensioned in relation to their average activity level. Such simultaneous accesses will create severe congestion in the network and large disturbances to other traffic. Current access control mechanisms in the IDLE and URA_PCH states are either too slow and ineffective for such situations or cannot differentiate between different users types. 
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Fig. 1
Signaling sequence for setting up and releasing the connections needed for the exchange of one UDP packet between a device and the application server.
· Access Class Barring (ACB) is available for UEs in IDLE. It provides 10 different Access Classes that can be used to rotate the UE's that are allowed to access the network. However, it cannot be used to differentiate traffic with different delay-tolerance. 
In Rel-11, a delay-tolerant Access Class was introduced together with the Extended ACB feature. They allow access by "delay-tolerant" devices to be control separately from regular traffic. There is, however, only one access class for all devices while delay-tolerant may mean anything from a few seconds to hours.
· ACB is not available for devices in URA_PCH. Request for data transmission is made using the Cell Update procedure. The request can be delayed by up to 15s by including the Wait time IE in the Cell Update Confirm message, and the UE will retry after 15s. This is not an effective method for handling simultaneous access from small-data applications since the Cell Update cannot be prevented.
Thus, access control mechanisms that can take advantage of the delay-tolerant characteristics of devices should be available for the IDLE and URA_PCH states. In the extreme case, highly-delay-tolerant traffic can be steered away from the busy hours, which substantially reduces their impact on system capacity.

Suggestion 2
Increase the number of available UE identities per RNC 

Suggestion 3
Improve access control mechanisms for IDLE and URA_PCH to allow the differentiation of delay-tolerant traffic from normal traffic and other less delay-tolerant traffic.
2.3 Device power saving enhancements

Power consumption for low-activity devices is closely related to their activity factor. The signaling reduction mentioned above can reduce the amount of up-time for a device and help to reduce power consumption. For devices with infrequent transmissions, however, the main activity is the waking up between DRX cycles to monitor paging and perform mobility measurements. Increasing the length of DRX cycle, therefore, has a direct benefit on battery lifetime. This has been proposed and adopted as solutions previously. For example, Rel-11 has adopted a second, longer DRX cycle for general traffic in the CELL_FACH state. Enhancements specifically for machine-type communication have been studied in [2] with an emphasis on end-to-end and the Service Area enhancements. This study focuses instead on finding RAN solutions for low-activity devices. Possible impacts on service (i.e., SA2) requirements should also be investigated. 
For devices with limited mobility, the measurement requirements may be relaxed to reduce power consumption.
Suggestion 4
Investigate mechanisms for increasing the maximum DRX cycle lengths.
The Power Saving Mode (PSM) introduced in Rel-12 reduces battery consumption quite significantly for devices that make very infrequent transmissions. It is, however, done at the expense of not being reachable by the network. There is still quite a lot of signaling needed every time the device comes out of PSM and there is a break-even point when DRX become more efficient than PSM in terms of power consumption. Thus, to further increase the power saving capability of PSM or to increase the reachability of the devices, it is beneficial to reduce the amount of signaling when a device comes out of PSM.
Suggestion 5
Investigate mechanisms for reducing the signaling when a device comes out of PSM.
3 Conclusion

In this paper, we have discussed the signaling and non-RAN1-related needs for accommodating a large number of devices in UTRAN, and how they can co-exist with normal network traffic. The focus of the study should be on small-data applications with infrequent transmissions that are not too delay-sensitive, and solutions should minimize the impact on the physical layer and existing UE hardware. Areas that require investigations have been identified and given in the following suggestions:
Suggestion 1
Investigate mechanisms for reducing the amount of signaling overhead for small-data transmissions.

Suggestion 2
Increase the number of available UE identities per RNC. 

Suggestion 3
Improve access control mechanisms for IDLE and URA_PCH to allow differentiation of delay-tolerant traffic from normal traffic and other less delay-tolerant traffic.

Suggestion 4
Investigate mechanisms for increasing the maximum DRX cycle lengths.

Suggestion 5
Investigate mechanisms for reducing the signaling when a device comes out of PSM.

We kindly request RAN2 to look into these suggestions and any other issues relevant for the study.
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