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1 Introduction

At the outset of work on LTE, one of the first tasks was to identify the requirements and targets that would act as a guide for the forthcoming solution development work.   Taking a similar approach, this contribution starts the process of identifying the requirements which will be relevant in developing a solution for a low complexity LTE UE for MTC.  
The appendix of this document contains a list of requirements which will need to be met by the candidate solutions and it is proposed that this list be captured in the new TR.
2 Requirements for a low complexity LTE UE for MTC
From the study item description [1], a number of requirements can be identified.  These have been copied below and shown in italics.  For each of these requirements a recommendation is made for a corresponding text proposal that should be included in the TR.  :

· .....cost of terminals tailored for the low-end of the MTC market to be competitive with that of GSM/GPRS terminals targeting the same low-end MTC market
· Comment:  This is clearly a very important requirement and target for the study.    However, making an objective evaluation of the degree of cost saving which is achievable by a proposed technology may be difficult since there will sometimes be a dependency on market and commercial assumptions. 
· Recommendation: Include the following text in the TR (changes wrt italicised text are shown underlined): ‘The LTE specifications should permit the cost of a terminal tailored for the low-end of the MTC market to be competitive with that of a GSM/GPRS terminal targeting the same low-end MTC market’.  Also include a statement that ‘the possible need for a methodology for determining absolute and/or relative costs of different solutions with respect to one another and/or with respect to the GSM/GPRS benchmark is FFS’. 
· Support data rates equivalent to that supported by [R’99 E-GPRS] with a EGPRS multi-slot class [2] device [2 downlink timeslots (118.4 Kbps), 1 uplink timeslots (59.2 Kbps), and a maximum of 3 active timeslots]. This does not preclude the support of higher data rates provided the cost targets are not compromised.
· Comment:  MTC applications typically only generate small amounts of data on an infrequent basis.  Depending on the latency requirement, this burstiness characteristic could be exploited in order to reduce complexity.  Hence there may be some benefit in producing requirements that are more messaging-oriented, for example defining message sizes to be supported, minimum period between messages and message transfer latency.  
· Recommendation: Include italicised text in TR.  Remove brackets around ‘2’ (in ‘[2]’) so as to avoid possible confusion arising from a reader interpreting this as a reference.   Continue to study the possible benefits of including more messaging-oriented burstiness requirements.
· Enable significantly improved spectrum efficiency for low data rate MTC traffic compared to that achieved for R99 GSM/EGPRS terminals in GSM/EGPRS networks today, and ideally comparable with that of LTE.

· Comments:  
· There are various possible metrics for spectral efficiency, including for example peak spectral efficiency, average spectral efficiency and cell edge spectral efficiency.  Since it is proposed to include another requirement for the maximum data rates which need to be supported by the low complexity UE then the importance of a peak spectral efficiency requirement might be questioned.  Likewise since there will also be other requirements specifying the degree of coverage which is to be achievable then it could be inferred that cell edge spectral efficiency is also of less interest.  This then leaves the average spectral efficiency measure which will be a key determinant of the overall system throughput and for which there are no other relevant proposed requirements of a similar nature.  
· The term ‘significantly improved’ is subjective.   Nevertheless, the requirement indicates that the spectral efficiency will need to be one of the criteria that will be used in the proposal evaluation phase.  It may be that different proposals will score differently in terms of the cost savings and spectral efficiency improvements achievable.  For example one proposal may score very well on cost but not so well on spectral efficiency and in another proposal the opposite may be true.  Which of these example proposals would be more favourable to an operator may not be so obvious.  For this reason it would seem premature to set an absolute required spectral efficiency improvement at this stage.    
· Recommendation: Include italicised text in TR and change ‘spectrum efficiency’ to ‘average spectrum efficiency’.  Also include a statement that ‘whether an absolute value for the degree of spectral efficiency improvement is required is left as FFS’. 
· Optimisations for low-cost MTC UEs should minimise impact on the spectrum efficiency achievable for other terminals in LTE Release 8-10 networks.

· Comments:  
· This requirement, as written, is applicable to the scenario of a low complexity MTC UE connecting to a Rel 8-10 network.   However, it is an implicit assumption of the study item that an (eg) Rel-11 low complexity MTC UE must be of lower complexity than an existing Rel 8-10 UE.  Hence it would seem that a low complexity / low cost UE would either not be able to access a Rel 8-10 network or alternatively at best perhaps it might be able to access a Rel 8-10 network but not with full Rel8-10 flexibility/functionality (since if the UE were to support the full range of Rel 8-10 functionality then it would presumably be of high cost).  
· The term ‘minimise impact’ is subjective.   
· Recommendation: The scenario under which this requirement is relevant is not clear.  It is proposed that the requirement is not captured in the TR at this stage, pending further study and clarification.
· Ensure that service coverage is not worse than GSM/GPRS, at least comparable and preferably improved beyond what is possible for providing MTC services over GPRS/GSM today (assuming deployment in the same spectrum bands).

· Recommendation: Include italicised text in TR
· The same defined LTE cell coverage footprint as engineered for “normal LTE UEs” should apply for low-cost MTC UEs.

· Comment: It should be studied whether the two coverage requirements (equivalence with GPRS and equivalence with LTE) as listed above are needed, or whether one of these coverage requirements is more demanding than the other such that the less demanding requirement can be removed. 
· Recommendation: Include italicised text in TR, but improve the definition by changing “normal LTE UEs” to ‘legacy LTE UEs’.  Add a note: ‘It is FFS whether two coverage requirements (equivalence with GPRS and equivalence with LTE) are needed, or whether one of these coverage requirements is more demanding than the other such that the less demanding requirement can be removed’
· Ensure that overall power consumption is no worse than existing GSM/GPRS based MTC devices.

· Comment: Overall device power consumption will also be dependent on the nature of any solutions that are implemented at layers above PHY.  For example, any modifications to paging schemes, state transition behaviour or even MTC server operation could affect device power consumption.  Some of this work may need to be performed by groups outside of RAN such as SA2 and therefore may not complete within the timescale of the RAN1 led study item.
·  Recommendation: Include italicised text in TR.  In addition add a note stating that ‘some of the factors that could affect device power consumption are outside the scope of this RAN1 led study’. 
· Ensure good radio frequency coexistence with legacy (Release 8-10) LTE radio interface and networks.

·  Comment: The term ‘good’ is subjective.  The term ‘radio frequency coexistence’ is also not very specific and is open to interpretation.  
· Recommendation: Include italicised text in TR.  In addition, add a note stating that: ‘A more precise definition of the relevant radio frequency coexistence scenarios and the required absolute radio frequency coexistence performance levels is FFS’
· Target operation of low-cost MTC UEs and legacy LTE UE on the same carrier.

· Recommendation: Include italicised text in TR
· Re-use the existing LTE/SAE network architecture

· Recommendation: Include italicised text in TR
· The starting point of the analysis shall be the Rel-10 LTE air-interface

· Comment: As written, the above statement is a requirement for the analysis and not for the solution.  However, the intent of the statement seems to be that the solutions should be specified in terms of the required changes which would  need to be made with respect to the Rel-10 version of the specifications (as opposed to, for example, with respect to earlier releases of the specifications).
·  Recommendation:  Propose capturing the following requirement: ‘Solutions should be specified in terms of changes to the Rel 10 version of the specifications’. 
· The study item shall consider optimizations for both FDD and TDD mode.

· Comment: As written, the above statement is a requirement for the analysis, not for the solution
· Recommendation: Re-formulate the requirement as: ‘Solutions should be applicable to FDD and/or TDD’
· The initial phase of the study shall focus on solutions that do not necessarily require changes to the LTE base station hardware.

· Comment: As written, the above statement is a requirement for the analysis and not for the solution.  Another issue is that, whether or not a particular proposal will require changes to a base station’s hardware may at least in some instances be dependent on the particular base station implementation.      
·  Recommendation: Re-formulate the requirement as: ‘Solutions should preferably not require changes to base station hardware’.  Add a statement to say ‘it is FFS how conformance against this requirement will be ascertained given differing proprietary base station implementations’.
· ..... guarantee that any features recommended as part of this study to allow cost reduction, but which also bring a reduction in LTE system performance, shall be restricted to devices which only operate as MTC devices not requiring high data rates and/or low latency, after further careful study
· Comments:
· The main intent of the statement is understood to be that features which affect system performance should not be used in handsets.  The statement also mentions that ‘further careful study’ is required.  It can also be observed that solutions for providing restrictions of this nature may be based on new higher layer mechanisms and/or signalling, which won’t be of immediate concern to RAN1 at the start of this study.  
· A requirement that limits the data rates which need to be supported has already been identified in the above list.  Another solution requirement should be provided which places a limit on the latency which needs to be supported. 
·  Recommendations:
· Add a requirement: Candidate solutions should meet the following requirements: ‘Any features of the solution which negatively impact system performance should be restricted to use in MTC devices’.  Also add the following notes.  ‘Note:  This requirement is still subject to further careful study’. 
· Add a placeholder requirement which specifies a limit on latency: ‘Many MTC applications will accept a greater packet transfer latency than that which was used to design LTE Rel-8. However, the acceptable length of any transfer delay may be application dependent.  Details of the relaxation of latency requirements are FFS.’ 
· It is assumed that low-cost MTC UEs will have to support mobility and roaming.

· Comment:  It would be preferable not to have a requirement written as an assumption.  What seems clear is that some types of MTC device such as those used for tracking applications and vehicular telematics will require support for mobility and roaming.  Other applications such as device deployments in parking meters or vending machines for example will correspond to a stationary MTC device deployment and arguably may not require mobility or roaming support.  However, even in these scenarios if, for example a UE is deployed on the edge of coverage between cells then mobility support may be useful and likewise support for roaming could be useful if for example, when the device was manufactured and fitted with a USIM it was not known in which country the device would be deployed.      
· Recommendation: It is proposed to re-formulate the requirement to state that candidate solutions should support mobility and roaming.  It may be that further cost savings might be achievable where it is known that a device deployment will be stationary, hence it is proposed to add a note to that effect.  Proposed text: ‘Candidate solutions should support mobility and roaming. (Note: this does not preclude consideration of solutions which as well as being able to support mobility and roaming are also capable of showing additional benefit when used in a stationary deployment)’. 
3 Conclusions
Proposal 1: A new technical report should be started to capture the findings of the low complexity LTE UE for MTC study item.
Proposal 2: It is proposed that the text in the following appendix be included in this new technical report. 
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5 Appendix – Proposed text for inclusion in the TR

Y. Requirements

Candidate solutions should meet the following requirements:
1. The LTE specifications should permit the cost of a terminal tailored for the low-end MTC market to be competitive with that of a GSM/GPRS terminal targeting the same low-end MTC market. (Note: the possible need for a methodology for determining absolute and/or relative costs of different solutions with respect to one another and/or with respect to the GSM/GPRS benchmark is FFS).
2. Support data rates equivalent to that supported by [R’99 E-GPRS] with an EGPRS multi-slot class 2 device (2 downlink timeslots (118.4 Kbps), 1 uplink timeslots (59.2 Kbps), and a maximum of 3 active timeslots). This does not preclude the support of higher data rates provided the cost targets are not compromised.  
3. Enable significantly improved average spectrum efficiency for low data rate MTC traffic compared to that achieved for R99 GSM/EGPRS terminals in GSM/EGPRS networks today, and ideally comparable with that of LTE. (Note: whether an absolute value for the degree of spectral efficiency improvement is required is left as FFS).

4. Ensure that service coverage is not worse than GSM/GPRS, at least comparable and preferably improved beyond what is possible for providing MTC services over GPRS/GSM today (assuming deployment in the same spectrum bands).

5. The same defined LTE cell coverage footprint as engineered for legacy LTE UEs should apply for low-cost MTC UEs. (Note: It is FFS whether two coverage requirements (equivalence with GPRS and equivalence with LTE) are needed, or whether one of these coverage requirements is more demanding than the other such that the less demanding requirement can be removed).
6. Ensure that overall power consumption is no worse than existing GSM/GPRS based MTC devices. (Note: some of the factors that could affect device power consumption are outside the scope of this RAN1 led study).

7. Ensure good radio frequency coexistence with legacy (Release 8-10) LTE radio interface and networks. (Note: A more precise definition of the relevant radio frequency coexistence scenarios and the required absolute radio frequency coexistence performance levels is FFS)
8. Target operation of low-cost MTC UEs and legacy LTE UEs on the same carrier.

9. Re-use the existing LTE/SAE network architecture.
10. Solutions should be specified in terms of changes to the Rel 10 version of the specifications

11. Solutions should be applicable to FDD and/or TDD.
12. Solutions should preferably not require changes to base station hardware.  (Note: it is FFS how conformance against this requirement will be ascertained given differing proprietary base station implementations).
13. Any features of the solution which negatively impact system performance should be restricted to use in MTC devices.  (Note :  This requirement is still subject to further careful study).  

14. Many MTC applications will accept a greater packet transfer latency than that which was used to design LTE Rel-8. However, the acceptable length of any transfer delay may be application dependent.  Details of the relaxation of latency requirements are FFS.
15. Support mobility and roaming. (Note: this does not preclude consideration of solutions which as well as being able to support mobility and roaming are also capable of showing additional benefit when used in a stationary deployment).
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