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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 for the study to be performed.

2 Scenarios and use cases
According to the SID, the study should 

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

Clearly there are many application examples that fit at least one of these three areas. There are also connections between the areas, e.g. it is reasonable to assume that applications suitable for massive deployment of devices would typically be of the small data type to not cause too high capacity load.
The solutions specified in 3GPP should not be service specific, instead the solutions should target to improve the performance (coverage, capacity, signalling overhead, battery consumption etc) when RAN is being exposed to services with particular characteristics. Hence, it is useful to try to define the key characteristics of typical targeted services, rather than specifying solutions for a particular service.
For the purposes of this study, we believe that the service characteristics we should target are small and rather infrequent data bursts in UL/DL with no strict requirements on delay. If there would exist other services which do not fit this description perfectly, it is still likely that those services could benefit from solutions derived for the assumed target service characteristics. E.g., if the service typically has very infrequent data bursts and is highly delay tolerant but the data bursts are fairly large, such a service could still benefit from battery savings features specified assuming small data burst sizes.
A typical use case relevant for the study item is machine type communication (MTC) applications involving smart utility meters, where small data packets are exchanged between the UE and the network. Typically the utility meter applications result in rather infrequent, delay-tolerant transmissions. Moreover, these utility meters could be placed in rather problematic places from a coverage perspective, e.g. in basements and underground manholes. Typically such meters are also installed in fixed locations, making it reasonable to assume limited mobility and fading speed on the radio channel. Further, while each smart meter is expected to contribute with rather small and infrequent traffic, there may be cases where many of these meters try to make access more or less simultaneously, e.g. following a power outage. There may also exist very many of these meters in the network. This kind of use case has been extensively characterized earlier, e.g. in [2][3][4]
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Another typical use case is vehicle fleet tracking applications that have similar traffic characteristics as smart utility metering in terms of packet sizes, packet inter-arrival times and delay tolerance, but where the stationary characteristics cannot be assumed. 

Proposal 1: The study should target improvements for any service with the characteristics that data bursts in UL/DL are small and rather infrequent with no strict requirements on delay. 
Proposal 2: The study should assume that UEs can be either fully stationary or moving at vehicular speeds.
In order to progress work, it would be useful to agree on some reference assumptions on small data transmission applications. If there is a need for evaluations and simulations later on in the study item these reference assumptions could be used as baseline assumptions for the evaluations.

As mentioned, small data transmission applications like smart metering have been characterized several times before in 3GPP studies, and models for these types of applications have been proposed and agreed as well earlier. Unless there is a clear need of changing the models, it is proposed to try to reuse old assumptions as much as possible in the future study work. It is noted that the need for a particular model depends on the study to be performed, and it may be premature to already now predict exactly what models that will become necessary to define.
Proposal 3: When needed, reuse already available models of small data transmission application behaviour and requirements to as large degree as possible.
Unfortunately, the available models on small data transmissions differ somewhat depending on what has been the key aspect of the investigation. However, it would be good to agree on some fundamental characteristics assumptions of what we mean by small, infrequent, and delay tolerant transmissions. Looking at the available references, a few key characteristics assumptions can be proposed:
UL/DL data burst size: 100 – 1000 bytes 

Data burst inter-arrival time: One data burst transmitted every 30 seconds to one data burst transmitted every month
Delay tolerance: Acceptable delay for data bursts can be in the region of 5 seconds – 1 hour
It should be noted that the exact characteristics are expected to differ between applications, so the assumed characteristics would only serve as representative examples. The technical solutions should have some flexibility in efficiently serving applications with somewhat different characteristics.
Proposal 4: Agree on the proposed key small data transmission application characteristics (UL/DL data burst size, data burst inter-arrival time, delay tolerance).
It can be noted, that even if the typical use case for a given device may be small data transmission, there may still exist a need to infrequently exchange larger data volumes, in particular to support remote software upgrades over the air. Such software upgrades could e.g. be assumed to occur once every 90 days [5].

Hence, it may be beneficial to not limit the UE’s data rate unnecessarily, so that these infrequent large data volumes can be exchanged efficiently. For UEs limited by coverage the achievable data rate may be low, which means that more system resources may be needed to transfer the larger data volume. However, if this happens infrequently and possibly during periods of low background load, the penalty on system capacity may still be acceptable.

Proposal 5: Devices supporting small data transmission enhancements should not be limited to only using small data transmissions.

3 Solution framework

After identifying problems and bottlenecks, solutions should be studied. It is important to stay true to the intention stated in the SID:

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.

Clearly this means that there is no room for revolutionary types of solutions, i.e. the existing toolbox in the specifications is to be reused to as large degree as possible, and rather limited extensions shall be made to address the identified problems and bottlenecks.
Because of this, it may be a bit difficult to set up hard targets on e.g. how many dB of coverage enhancement that is necessary. Instead, we suggest the approach that for each bottleneck identified reasonable improvements (from a specification/implementation/performance perspective) are proposed. The mindset should be to improve as much as possible with limited implementation/specification impact, rather than aiming at X dB improvement.
Proposal 6: Reuse the existing toolbox in the specifications to as large degree as possible and make rather limited extensions to address identified problems and bottlenecks.

It is not expected that separate carriers can be allocated to serve small data transmissions, in most cases that would lead to very inefficient spectrum utilization. Instead, for efficient resource utilization these transmissions should be supported on carriers serving all sorts of traffic. Hence, coexistence with legacy voice and HSPA traffic is fundamental. This mixed traffic carriers should also be the baseline in any evaluations performed.
Proposal 7: Small data transmission enhancements shall coexist with legacy mixed traffic on the same carrier.
For small data transmission enhancements to be interesting to deploy on legacy carriers, the basic fundamental cost of supporting these enhancements must be limited. This means e.g. that it is not possible to introduce further expensive common channels, or statically increase the power of the common channels to boost the coverage.

Proposal 8: Small data transmission enhancements shall have a limited fundamental cost in terms of used network resources (power, codes, interference, etc).
4 Conclusion

In this contribution we provide some general considerations for the small data transmission enhancement study. In summary, we propose the following:

Proposal 1: The study should target improvements for any service with the characteristics that data bursts in UL/DL are small and rather infrequent with no strict requirements on delay. 

Proposal 2: The study should assume that UEs can be either fully stationary or moving at vehicular speeds.

Proposal 3: When needed, reuse already available models of small data transmission application behaviour and requirements to as large degree as possible.
Proposal 4: Agree on the proposed key small data transmission application characteristics (UL/DL data burst size, data burst inter-arrival time, delay tolerance).
Proposal 5: Devices supporting small data transmission enhancements should not be limited to only using small data transmissions.

Proposal 6: Reuse the existing toolbox in the specifications to as large degree as possible and make rather limited extensions to address identified problems and bottlenecks.

Proposal 7: Small data transmission enhancements shall coexist with legacy mixed traffic on the same carrier.

Proposal 8: Small data transmission enhancements shall have a limited fundamental cost in terms of used network resources (power, codes, interference, etc).
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