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Discussion/Decision
1 Introduction

It has been agreed that a section on evaluation methodology will be included in the Technical Report for the low complexity UE study [1].

This paper provides some initial considerations and recommendations for possible approaches to evaluation. 

2 Evaluation methodology
In this section some initial consideration is given to the types of evaluation methodology that may need to be put in place.
A companion document [2] provides a list of requirements which candidate solutions will have to meet.  Whilst compliance against many of these requirements is easy to demonstrate, compliance against others may require more complex analytical or simulation methodologies to be agreed.  Identified requirements for which an analytical or simulation based evaluation methodology may be required include:

· Cost
· Spectral efficiency for low data rate MTC traffic (which should be improved relative to GSM/EGPRS)

· Coverage (should be no worse than that achievable for MTC devices operating over today’s GSM/GPRS networks and no worse than that achievable with a Rel 8-10 LTE UE)

· Power consumption (no worse than for existing GSM/GPRS MTC devices)

· Radio frequency co-existence
· Latency (solutions need to meet a latency requirement)

The following sub-sections provide some initial comment on possible evaluation methodologies that could be adopted for each of the criteria listed above.

2.1 Cost

In order to derive an evaluation methodology for the cost requirement a number of questions need to be addressed.
The first question is whether solutions should be compared in terms of absolute cost or in terms of cost reductions relative to a benchmark device? 

It seems not to be practical to make use of absolute values of cost.  One reason is that absolute costs will be dependent on multiple factors that are unknown at this point in time, such as market size and fabrication options.  Another reason is that companies may justifiably be reticent to share information on absolute cost levels.     Hence we could conclude that schemes should be compared in terms of projected relative cost reductions.

Observation 1 (already mentioned in the TR [1], Table 8.1):  Evaluations provided for each candidate solution should include an estimate of achievable relative cost reduction.   

Acceptance of this observation then raises the question as to which benchmark should be used to estimate the relative cost reduction.  In this regard, the objective stated in the SID [4] is to investigate the feasibility of developing solutions such that the cost of a low complexity LTE UE would be competitive with GSM/GPRS modems targeting the same low-end MTC market.  Hence one option would be to have a GSM/GPRS modem as a benchmark.   However, because the GSM/GPRS technology and LTE technology have some significant differences the relative cost comparison approach may not be so straight forward to achieve.  Hence, it would seem preferable to determine relative cost with respect to an LTE UE instead.  If this latter approach were adopted then at the end of the study, companies would be able to take a view on the likely cost of the LTE benchmark UE and then by combining this information with expected percentage cost reductions achievable with a low complexity MTC UE arrive at an estimated cost figure for the low complexity UE. Companies could then take a view on whether the resulting low complexity LTE UE is likely to be cost competitive with respect to GSM/GPRS MTC modems.
The minimum complexity LTE UE currently permitted by the 3GPP specifications is the Category 1 UE defined in [3].   
Observation 2 (already mentioned in the TR [1], Table 8.1):  Estimated relative cost reductions achievable for each candidate solution should be provided with respect to a given benchmark UE class. The benchmark used for this purpose should be the Category 1 LTE UE [3].
Further definition of the assumed benchmark LTE UE would also need to be provided, particularly in terms of features and/or design options which are implementation dependent and which might have a significant bearing on cost.  
Recommendation 1:  The TR should provide a sufficiently detailed description of the benchmark LTE UE (in particular defining implementation dependent characteristics such as number and type of bands supported). 
One of the key capabilities of the benchmark UE that needs to be agreed is its bandwidth capability.   In this regard it can be noted that a significant proportion of bands support the 20 MHz carrier and as a consequence it can be expected that there will be multiple operators that will deploy such 20MHz carriers.  As a result there are two drivers for a manufacturer of conventional (handset/smartphone) modems to make those modems 20MHz capable.  The first reason is that by making the modem 20MHz capable, the manufacturer can address the widest possible market, since a 20MHz UE will be capable of working across all LTE carrier bandwidths.  The second reason is that roaming capability will also be a key market requirement to be taken into account in the design of a conventional LTE modem.  Hence even if a device were to be sold into a country or market where less than 20MHz is required, if the device can support 20MHz capability then it will be possible for the device to roam onto any LTE network in the world (within the limitations of the bands supported by that UE).  Given these observations it is concluded that the benchmark LTE UE should support a bandwidth of 20MHz.
Recommendation 2:  The benchmark Category 1 LTE UE should be capable of operating on a 20MHz carrier.
In order to provide guidance on where the cost reduction effort should be placed it is useful to determine the proportionate costs of the different sub-systems that comprise the benchmark Category 1, 20MHz LTE UE.   The sub-systems of interest can be categorized as RF, A(D, Baseband and CPU.  

Recommendation 3:  The breakdown of the proportionate costs of the benchmark LTE which will be captured in Section 5.3 of the TR [1] should include the RF, A(D, Baseband and CPU sub-systems.
Recommendation 4:  Evaluations for each candidate solution should show percentage cost reductions of the RF, A(D, Baseband and CPU relative to the benchmark LTE UE.
A method will need to be found for objectively comparing solutions in terms of their cost reduction potential in each of the modem sub-systems.

One option is to first identify a list of objective ‘complexity’ metrics which are expected to have a significant relationship with cost for each of these sub-systems.  Solutions could then be compared objectively against these metrics.  
Such metrics (for each of the sub-systems) could include, for example:

· Baseband

· Number of baseband operations/second

· Memory requirement (including memory access speed)
· A(D

· Sample rate

· Quantization accuracy

· RF

· Number of RF chains/antenna ports

· Number of filters (and associated quality factor of filters)
· Peak transmit power requirement
· CPU

· Operations / sec
· Memory requirement (including memory access speed)
A method for translating the ‘complexity metrics’ into achievable proportionate cost savings may also need to be agreed.  

2.2 Average spectral efficiency for support of Low complexity MTC UEs

There are a number of potential ways by which the average spectral efficiency for the support of low complexity MTC UEs could be computed, but they are likely to fall into one of two classes of approach:

1. Spectral efficiency is determined through simulation.
2. Spectral efficiency impacts relative to Rel-10 are determined analytically.

An agreement would need to be reached on an LTE Rel-10 benchmark scenario and the spectral efficiency of that scenario. The spectral efficiency of the benchmark GSM/GPRS solution would also have to be agreed.  It would be hoped that existing sources of information could be used for this purpose.

If a simulation approach were to be adopted then there will be many simulation assumptions that would need to be agreed.  Many of these assumptions are expected to be similar to those used in early LTE spectral efficiency evaluations.

One key set of simulation (and analytical) assumptions which will be different to those used previously concern the traffic model which is to be assumed for MTC, since typical MTC traffic is characterized by small infrequent transmissions.  Note that since the ratio of control bits transferred to application bits transferred can be particularly high for this type of small message transfer, and since solutions may differ in terms of the amount of control plane signaling required then it should be the spectral efficiency measured in terms of application bits/s/Hz which should be determined.

Proponents of analytical solutions would need to present an analysis describing the expected impact on spectral efficiency relative to the Rel-10 benchmark. By way of example, if a spectral efficiency of 1.0 bps/Hz was used as a benchmark for Rel-10, where in Rel-10 the assumption is that the full range of MCS are available to a UE.  Then, if a candidate low complexity solution was only capable of for example, supporting a QPSK modulation scheme, then the proponent of the solution might present a mathematical analysis indicating that spectral efficiency would as a consequence drop by a factor of for example 0.8, so that spectral efficiency of the MTC supporting network falls to 0.8 bps/Hz.
2.3 Coverage

The coverage requirements [1, 2] are concerned both with determining comparative coverage performance relative to Rel 8-10 LTE and also relative to GSM/GPRS.  The LTE related requirement in [4] states that the ‘cell coverage footprint as engineered for legacy LTE UEs should apply for low-cost MTC UEs’.  This is clearly a simple ‘binary’ requirement to which the candidate solution is either compliant or is not compliant. The GPRS related requirement [4] is 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)’.  Because the ‘GPRS requirement’ actually states a preference for coverage to be improved beyond what is currently achievable with GSM/GPRS then proponents of solutions may wish to indicate the absolute coverage improvement supported with their solution.    

It is expected that the capabilities of different candidate solutions against the coverage requirements would be determined using a link budget analysis.

The relevant components of the link budget would have to be agreed, and would be expected to be very similar if not identical to those used in previous LTE evaluations.  

The values of some of the parameters of the link budget will be common to all candidate solutions and a set of these common link budget assumptions will have to be agreed, examples of such parameters for the uplink link budget include:

· Base station antenna gain

· Base station antenna height

· MTC UE antenna height
There will be values of other parameters which may potentially differ between candidate solutions depending on the specifics of the proposed transmitter and receiver designs.  These could include, for example:

· Required Eb/No 

· MTC UE antenna gain

· MTC UE transmit power

Any such solution-specific values would either have to be determined by analysis or by simulation.  Values derived by analysis might for example take a benchmark a priori agreed LTE Rel-10 value and then provide a justification for relative changes to that value.  If the analytical justifications can be agreed then they could be captured in the study report.   However, where simulations are needed then it may first prove necessary to agree some simulation assumptions.

Since different physical channels may have different link budgets, the above exercise may need to be carried out for each of the different channels.  Overall coverage will be determined by the smallest of the maximum path losses supported across all the physical channel types.
In addition to reaching agreements on parameters to be used in the LTE link budget it will also be necessary to agree on a link budget for GSM/GPRS so that an absolute comparison of supported path losses can be assessed.  In this way it will be possible to assess whether any proposed solution performs at an equivalent level to GSM/GPRS coverage.  

Note that it may also be necessary to determine different link budgets for a range of different deployment scenarios, such as Macro, Micro, Pico, Home eNB, relay etc.
2.4 Power consumption
The requirement is that overall power consumption should be no worse than that of existing GSM/GPRS MTC devices [1,2].

Device power consumption can be a function of many factors including for example:

· Device implementation (eg. Number of chips/semiconductor technology used)

· Network support or otherwise of any power consumption related optional features 

· Network configuration settings (eg DRX parameter settings, RRC and CN state transition management)

· Application type / MTC traffic model
· Mobility (eg frequency of tracking/routing area updates) 

· Transmit power capabilities
In order to simplify the problem, one approach might be to agree a generic model of a transceiver, for example as shown in Figure 2.


[image: image1]
Figure 1) Simplified model of a TRX

Then for each block in the block diagram an agreement could be reached on a set of key parameters which will determine the power consumption of that particular block.  An equation for the overall power consumption of that block could then be produced.

For example, if it is determined that power consumed by the RF transmitter could be expressed primarily as a function of:

· UE transmit power (PUE_Tx)

· Amplifier efficiency (Eamp_eff)
· Proportion of time spent transmitting (TTx)

Then, the power consumed by the RF transmitter might, for example be expressed as:

PTx=KTx,RF. PUE_Tx .Eamp_eff .TTx
Where, KTx,RF is a constant.

By repeating the exercise for each block in the block diagram the overall power consumption of the UE could be determined.

In this approach, proponents of candidate solutions would need to provide a list of the parameter settings which apply for the given solution, together with a justification for the chosen parameter settings.  The overall power consumption for the solution would also be computed.  If RAN1 agrees on the computations and justifications provided by the proponent then the results would be incorporated into the study report.   Similar calculations would need to be done for the GSM/GPRS benchmark.  

Note 1: Whether the absolute values of power consumed are accurate or not would not be as important as ensuring that the relative power consumption of the LTE candidates and the GSM/GPRS benchmark are approximately correct. 

Note 2: Assumptions on implementation or otherwise of network and/or UE features which could affect power consumption and the associated parameterization of those features would have to be agreed.   

Note 3: An MTC traffic model would have to be agreed and in addition assumptions would have to be made about any higher layer signaling which may need to be supported.     
2.5 Radio frequency co-existence

Whether or not an evaluation methodology needs to be defined for RF co-existence will depend on what assumptions are made about the transmit power spectral mask which is relevant for transmissions to/from low complexity MTC UEs.  If there is a requirement that the transmit power spectral mask must be the same as that used in Rel 8-10, then there will be no need to perform any additional RF coexistence evaluations.    
2.6 Latency
Proponents of candidate solutions will need to demonstrate that their solution meets the latency requirement.

UE(eNB latency will be a function of traffic load.  However, the merits of simulating different traffic loads as part of this study seems unclear since it could be assumed that eNB scheduling and admission control algorithms will ensure that scheduling delays are managed properly.  

Analytical determination of best case latency for each solution (e.g. UE(eNB delay excluding scheduling delay and RLC re-transmission delay) seems to be necessary and should be relatively straight-forward.
3 Conclusions
The document has presented an initial consideration of possible evaluation methodologies.  RAN1 are invited to discuss the suggestions.
In addition some specific observations and recommendations have been made for the cost evaluation methodology:

Observation 1 (already mentioned in the TR [1], Table 8.1):  Evaluations provided for each candidate solution should include an estimate of achievable relative cost reduction.   
Observation 2 (already mentioned in the TR [1], Table 8.1):  Estimated relative cost reductions achievable for each candidate solution should be provided with respect to a given benchmark UE class. The benchmark used for this purpose should be the Category 1 LTE UE [3].
Recommendation 1:  The TR should provide a sufficiently detailed description of the benchmark LTE UE (in particular defining implementation dependent characteristics such as number and type of bands supported). 

Recommendation 2:  The benchmark Category 1 LTE UE should be capable of operating on a 20MHz carrier.
Recommendation 3:  The breakdown of the proportionate costs of the benchmark LTE which will be captured in Section 5.3 of the TR [1] should include the RF, A(D, Baseband and CPU sub-systems.
Recommendation 4:  Evaluations for each candidate solution should show percentage cost reductions of the RF, A(D, Baseband and CPU relative to the benchmark LTE UE.
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