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Discussion
1 Introduction

Recent contributions to 3GPP have proposed that in Rel 11 the RAN groups should undertake work in the following three areas:

· Improvements to the RAN in support of MTC related topics prioritised by SA plenary [1,2]
· Improvements to control structures and state machines for the support of diverse data applications [3]
· Support of low complexity MTC devices [4,5,6].
In this document we observe that there is the potential for some degree of overlap between these three areas, in particular with regards to support for the infrequent transmission of small volumes of data.

In the following sections, firstly each of the 3 different work areas is briefly summarised.   Then an assessment is made of the nature of any commonality between the three work areas.  Finally, a suggestion is provided for how the RAN working groups might go about organising the relevant study items and work items. 
2 MTC topics prioritised by SA
Table 1 lists the MTC features prioritised by SA and provides an assessment of the possible RAN impacts. 

	SA2 grouping [7]
	Feature
	SA1 rated priority [8]
	RAN impact
	Comment

	Reachability aspects
	MTC Feature control
	?
	?
	Any impacts for the RAN would likely be small.

	
	Device Triggering
	High
	?
	If there are impacts for the RAN they seem most likely to be related to triggering of offline devices which may require use of new broadcast or paging mechanisms, see [2].

	
	Addressing
	Top
	No
	

	
	Identifiers, especially removal of MSISDN dependencies in the architecture
	Top
	No
	

	
	PS Only support
	High
	No
	

	Signalling optimisations
	Effectively maintain connectivity for a large number of MTC Devices
	High
	?
	The requirement and/or system level solution needs to be fleshed out further before it can be determined whether there are any RAN impacts.  See discussion in [1, 2].

	
	Small Data Transmissions
	High
	Yes
	RAN signalling improvements and possibly protocol header efficiency improvements are anticipated.

	‘CN based and power considerations’
	Charging Requirements
	Low
	No
	

	
	Lower Power Consumption
	Medium
	Yes
	

	
	MTC Monitoring
	Medium
	?
	This requirement concerns the ability to monitor various aspects of MTC devices such as communications capability and changes in location or changes in association between UE and UICC.  Solutions could be foreseen that do not require new RAN functionality.

	Other
	Secure Connection
	Medium
	No
	According to TS 22.368, the feature is concerned with providing a secure connection between MTC device and MTC server, hence it seems likely that no new RAN functionality will be required.


Table 1) Impacts for the RAN of SA prioritised RAN features
The only item rated as TOP or HIGH priority which has a clear impact for the RAN is the ‘Small data transmissions’ feature.  It is possible that other TOP or HIGH priority items may also have impact for the RAN but refinement of the higher level requirements and/or further system level solution development work will need to be undertaken before this can be confirmed.  
3 Diverse data applications
There is mounting evidence [9, 10] that a major new traffic type has emerged for smartphones and modern PC-based internet applications, this traffic is characterised by small bursty data transmissions. 
Some of the applications that run on a smartphone such as a web browser or a VoIP client create traffic which can be modelled using more traditional traffic models.  Such applications only create traffic when a user is actively interacting with the smartphone.  In contrast, new internet applications such as social networking, geo services / FindMe, instant messaging etc. can autonomously create small amounts of bursty traffic in the background.  In addition the traffic is often generated in a way that is poorly controlled since the different applications running on a smartphone are often created by multiple independent parties.
It was for this reason that the ‘LTE RAN enhancements for diverse data applications’ work item [3] was created to ensure that the LTE RAN can support these new smartphone traffic models, both from a signalling efficiency perspective and from a UE power consumption perspective. 

Smartphones are thus seen to create small bursty data transmissions in the same way that MTC devices create such transmissions. Indeed a smartphone can be considered to be an amalgam of a standard phone (enabling web browsing, streaming, voice calls etc.) and a set of autonomous machine-like applications that create and consume small amounts of data with no user interaction. It is expected that these smartphone-machine communications will have similar characteristics to other machine type communications (smart meters, tracking devices etc.).

4 Low complexity LTE UE for MTC
There are a number of reasons why the 3GPP RAN groups should prioritise work on reducing LTE MTC device complexity and cost in Rel 11: 

· Existing M2M services are predominantly provisioned on GSM [6].  However, this situation can be problematic for operators since there is the desire to ultimately re-farm GSM spectrum and to reduce OPEX costs by switching off GSM networks [6].  However, migration of M2M traffic from GSM to LTE will not occur until LTE devices become cheaper than GSM devices [6].  
· If the population of MTC devices is expected to be a significant proportion of , or even greater than the number of handsets then it makes sense to provide cost / complexity reductions for this potentially very large market segment (MTC population estimates provided in [11], [12]).  

· Due to the small traffic volumes associated with many MTC devices, call revenues will often be low which then places a requirement on reducing device cost in order for the operator to build a profitable business case for many MTC applications.  

· It is often stated that the population of wirelessly connected MTC devices (in the ‘internet of things’) may ultimately be very large indeed [11, 12].  To this end, amongst the topics prioritised by SA is consideration of the impacts on the network of the existence of large numbers of LTE MTC UEs.  Similarly, previous work within RAN2 on RAN and CN overload has also made the assumption that there will be large numbers of MTC devices.  However, it can also be argued that the assumption that there will be a large number of MTC devices is contingent on such MTC UEs being made sufficiently competitive in terms of cost / complexity [4, 5].   Hence, the provision of a low cost / low complexity MTC UE is an important pre-condition if other MTC features being developed within 3GPP are to deliver their full value.
There are a number of ways by which LTE device complexity may be reduced in order to make LTE an attractive technology for implementation in a broad range of MTC device types, these include [4]:

· UE category reduction. It would be desirable to support sub-1Mbps (e.g. 100 kbit/s) UE categories.

· Reduction in minimum UE bandwidth requirement. It would be desirable to support bandwidths significantly less than 20MHz (e.g. 1.4MHz or 5MHz). Such low bandwidth devices should be able to coexist with higher bandwidth devices.

· Protocol simplification, including consideration of HARQ processing, MAC, RLC and RRC protocols.

· Support for devices having low transmit power capabilities, which can be facilitated through the use of relays.

It can be noted that the impacts listed above are of primary relevance to the RAN.  Many of the possibilities for complexity reduction exploit the ‘small data transmissions’ property of the majority of MTC applications, for example in terms of UE category reduction, low bandwidth operation and protocol simplifications.

5 Linkages between work areas

The 3 work areas described in the previous sections share a common linkage in terms of support for infrequent small data transmissions.  
The context within which the issue of ‘small data transmissions’ is relevant or needs to be studied for each of the 3 separate work areas is somewhat different, as described below:

· In the case of the ‘Small data transmissions’ MTC topic as prioritised by SA:
· A key issue is how to transmit small amounts of data with minimal signalling overhead and minimum consumption of network resources, see section 7.2.5 [13].
· The architecture for support of MTC includes support for conveying traffic using SMS as well as support for conveying the MTC traffic using an IP connection over an EPS bearer [14].  Hence it can be anticipated that improvements in signalling efficiency would be desired at least for the case where small data transmissions are carried over the control plane (SMS).  It should also be investigated whether improvements are needed for the case where small infrequent data transmissions are carried over the user plane (IP connection over an EPS bearer).
· For some applications information may be transmitted with exceptionally low frequency, for example a sensor application may only require a device to send a daily temperature report, or a parking meter may only send a report infrequently when some event occurs such as the machine filling up with coins.
· In the case of the ‘Small data transmissions’ topic as addressed by the ‘LTE RAN diverse data applications’ work item:
· The focus of the work item is directed toward intermittent transmission of small volumes of data from/to a smartphone which may be running one or more applications.  Where a smartphone is running multiple applications the frequency of messaging might be on the order of a minute [10].
· The focus on ‘always on’ connectivity appears to suggest an underlying assumption that improvements are desired at least for the case where there is an IP connection over an EPS bearer.  

· Improvements are sought in system resource utilisation efficiency and UE power consumption [3].
· In the case of the ‘Small data transmissions’ topic as it applies to support for a low complexity UE:
· The key outcome which is sought is to exploit the low data rate requirement associated with ‘small data transmissions’ to realise a UE which has reduced complexity and hence reduced cost.  This might be achieved in a number of ways such as physical layer enhancements for the support of lower bandwidths and reduced protocol complexity.
6 Options for organising MTC work in RAN
Figure 1 shows a proposal for how the RAN groups could organise work related to ‘small data transmissions’.  The following observations can be made:

· It is proposed to introduce a new study item which would be focused on support for a ‘Low complexity LTE UE for MTC’.  The key motivations and objectives of such a ‘Low complexity LTE UE for MTC’ study item are described further in a companion contribution [4].  It is proposed that this study item be distinct from any extension to the existing RAN2 lead MTC RAN study item since the centre of gravity for the work is PHY focused and hence it seems appropriate that RAN1 should be the lead work group on this topic.  
·  It is proposed that the scope of the ‘LTE RAN diverse data applications’ work item [3] remain the same, where it is inferred that the focus of the work is on realising system resource efficiency improvements for the support of smartphones which are carrying traffic over the user plane. 
· The existing  RAN study item on ‘RAN improvements for MTC’ [15] could be extended to include within its scope any of the items which have already been prioritised by RAN2 and by the SA groups and which are shown to have impact for the RAN.  The work on ‘small data transmissions’ within this study item would be differentiated from the work in the diverse data applications work item in the following ways:

· Solutions for improving small data transmission over the LTE control plane (SMS) should be studied.  
· Efficient conveyance of small data transmissions from/to low complexity MTC LTE UE’s (as described in [4]) should be considered.
· It should be investigated whether any LTE enhancements are required for transport of traffic on the user plane, over and above those that will be identified as part of the ‘LTE RAN diverse data applications’ work item, particularly related to support of MTC small data transmissions with extremely low frequency (eg which might be on the order of hours or days in contrast to on the order of 1 minute which can be typical for a smartphone).  

Further operator opinion should be sought on whether ‘MTC small data transmission’ studies should be performed solely in the context of LTE or whether there is also a desire to investigate signalling optimisations for UMTS.

[image: image1]
Figure 1) Possible organisation of MTC and small data transmission related work within RAN
7 Conclusions

The importance of supporting low complexity / low cost LTE MTC UEs in Rel 11 has been high-lighted.  It is proposed that a new study item be initiated to provide support for low complexity MTC LTE UE’s.    The reason for proposing that a new separate study item be created is that the main impacts for device complexity reduction are PHY related and it is therefore suggested that RAN1 should be the lead work group for this study area.  The focus on device complexity reduction is also felt to be sufficiently orthogonal to the driver for improving system resource utilisation which is the focus of the MTC ‘small data transmissions’ study proposed by SA.  Further details of the scope and objectives of this study item are provided in a companion paper [4]. 

This paper has also explored the possible overlap between the ‘LTE RAN diverse data applications’ work item and the new requirements coming from SA regarding efficient support of small data transmissions for MTC.  The key driver for the recently approved ‘LTE RAN diverse data applications’ work item [3] is that the LTE RAN was not designed with some of the modern smartphone traffic profiles in mind, particularly with regard to support for applications generating infrequent small volumes of traffic.  These new smartphone applications autonomously generate infrequent small volumes of traffic in a machine like way.  Hence there is some similarity with the SA prioritised work on ‘small data transmissions’ for MTC.  In order to avoid duplication of effort in the separate work streams it is important that clarity is provided on the distinction between the study areas.   In this regard we note that the frequency of small data transmission from/to MTC devices may be much less than is the case for smartphones such that conveyance of small data transmissions over SMS will often be very attractive for many MTC applications.  Indeed it can be noted that many existing MTC applications that have already been deployed make extensive use of SMS.  Hence the ‘small data transmission’ work which is undertaken within the scope of MTC should include a focus on conveyance of small data transmissions over the control plane.  In addition work undertaken under the topic of MTC small data transmissions should include consideration of any requirements emerging from the need to support low complexity LTE UE’s for MTC [4].  Finally, the MTC study item should also consider whether there is the need for additional enhancements over and above those which will be identified as the ‘LTE RAN diverse data applications’ work item progresses, particularly with regard to support of MTC small data transmissions with extremely low frequency (eg which might be on the order of hours or days in contrast to on the order of 1 minute which can be typical for a smartphone).  
RAN2 is invited to discuss the proposed organisation of work illustrated in Figure 1.

8 References
[1]
R2-112072 “Preliminary analysis on RAN impacts by the building blocks identified by SA#51”. RAN2#73bis, Shanghai, China, 11-15 April 2011. Huawei, HiSilison.

[2]
R2-111919 “Analysis on high priority MTC requirements”. RAN2#73bis, Shanghai, China, 11-15 April 2011. ZTE.

[3] 
RP-110454, “3GPP Work item description: LTE RAN enhancements for diverse data applications”, 3GPP TSG RAN51, Kansas City, USA, 15-18 March 2011
[4]
R2-112974 “Proposal for a study item in support of low complexity LTE devices for MTC”. RAN2#74, Barcelona, Spain, 9-13 May 2011. IPWireless.

[5]
R2-111920 “Impacts of low cost LTE devices on RAN level”. RAN2#73bis, Shanghai, China, 11-15 April 2011. ZTE.

[6]
RP-110419 “MTC device migration from GSM”. TSG-RAN#51, Kansas City, USA, 15-18 March 2011. Vodafone, Sagemcom SAS.

[7] 
SP-110054 “LS on MTC SIMTC Planning and prioritisation”, TSG SA51, 21-23 March 2011, Kansas City, USA
[8] 
S1-110419, “SIMTC work prioritisation for Rel 11”, 3GPP TSG-SA WG1 meeting #533, Nashville, Tennessee, USA, 14-18 February 2011
[9]
R2-112161 “Example of traffic from a laptop”, RAN2#73bis, Shanghai, China, 11-15 April 2011. Teliasonera.

[10] 
S1-110120 “Frequent idle-active state transitions caused by mobile data applications”, SA1#53, Nashville, USA. 14-18 February 2011.  Intel
[11] 
‘Dropping M2M costs spark rise of the machines,’ http://www.linuxfordevices.com/c/a/News/Juniper-Research-on-M2M/ 
[12] 
“The M2M Opportunity”, June 2010. Fierce wireless,
[13] 
3GPP TS 22.368 V11.1.0 (2011-03), “Service Requirements for Machine Type Communications”
[14] 
3GPP TR 23.888 V1.0.0 (2010-07), “System improvements for Machine Type Communications’
[15] 
RP-100330, “Revised SID: RAN improvements for Machine Type Communications”, 3GPP TSG RAN#47, Vienna, Austria, 16-19 March, 2010.
MTC topics identified by RAN2


RAN overload





‘Low complexity LTE MTC UE’  


Proposed new study item





‘LTE RAN enhancements for Diverse Data Applications’  


Work item





‘RAN improvements for MTC ‘


Study Item 





Low complexity MTC UE


UE category reduction (<1Mbps)


Bandwidth reduction


Reduced processor capability through protocol simplification (HARQ, MAC, RLC, RRC)


Low power (low cost) Tx PA through use of relays





Diverse Data applications


Efficiency improvements for infrequent small transmissions over the user plane (EPS bearer) from/to a smartphone


Smartphone power consumption improvements





MTC topics prioritised by SA


MTC feature control


Device triggering


MTC monitoring


Maintain connectivity for large numbers of devices


Small data transmission 


Lower power consumption





























1

