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1 Introduction & Background

Try to come to agreeable simulation setup/ simulation parameters (e.g. traffic characteristics, deployment modelling and mobility modelling), as well as a set of agreeable metrics(e.g. UE power consumption, overhead, user experience)

=>
Intended outcome: Email discussion report/text proposal for agreeable  simulation setup/ simulation parameters/evaluation metrics to RAN#75

Finalization date: Up to Monday 15 August 2011 midnight Pacific time

2 Discussion

In order to provide some degree of commonality and comparability when evaluating proposals for enhancements under the DDA work item, discussions during RAN2#73bis and RAN2#74 have taken place and views have been presented on the type of traffic to be evaluated, how to perform these evaluations and by what metrics to make comparisons between the current performance and any specific enhancements. It is hoped companies will add content to the tables inserted below.

2.1 Evaluation Inputs

In order to progress the work we need to establish some common guidelines for inputs to the evaluations to enable determination of baseline performance as well as benefits from the individual proposed enhancements. To achieve this we propose the following questions to aid discussion. 

	Company
	Comments

	Renesas Mobile Europe
	In general, we think this discussion should highlight the generic things to consider when evaluating the proposals from companies. So far, there have been few real enhancement proposals shown, so it might be difficult to come up with rules for every single case. 

	Intel Corporation
	We think that we need to identify set of agreed upon scenarios (includes traffic modeling, performance metrics, simulation environment settings, mobility etc.) to be included in the baseline performance evaluation. Metrics that are used in this baseline performance evaluation must be selected such that they reflect the improvements due to proposed enhancements. 

	ZTE
	We agree that we should first find an agreement on:

· Traffic modelling

· Simulation environment settings (including mobility aspects)

· Performance metrics
And then verify the RAN/UE performance in the agreed scenarios. 

If any problems are found, we could then further discuss how to evaluate the possible different proposals.

	Ericsson, ST-E
	We tend to agree with Renesas that it will be difficult to agree at this point in time on an exhaustive list of detailed traffic model descriptions and simulation settings to be used in the scope of this entire work item. 

But we should at least discuss guidelines how to generate traffic in simulations (e.g. how to convert a recorded trace into a simulation model) and preferably agree on a few basic traffic model descriptions (e.g. “light background traffic”, “frequent periodic”, “bulk transfer”, …) and what we associate with those (as ZTE suggests further down in this document). 

We should also discuss general principles to be applied in simulations such as when to consider mobility; whether and when to use a realistic radio model (propagation, fading, …); whether to simulate with a single or many UEs.

	Research In Motion
	Our understanding is generally aligned with the comments of Renesas and Ericsson above in that we are focused on developing a framework to establish guidelines for simulations and associated relevant evaluation metrics for specific proposals. Defining specific rules for all proposals is unlikely to be possible, however finding agreement on some general aspects should be possible. 

Also definition of a (small) number of basic categories of traffic such as described by Ericsson above could be useful.  Note that we don’t see a need to restrict evaluations to these categories.  We see their use primarily in helping to improve general alignment between company evaluations (e.g. by defining their high level characteristics and statistical properties which may subsequently be compared against the actual traces or models used by proponent companies during their evaluations).  Thus, these serve as “guideline” categories rather than mandated models.

	Vodafone
	We tend to agree with Ericsson that what we need is a framework for modeling a diverse mix of traffic. In our view there are 3 basic categories of traffic. ‘bulk transfer’ and ‘light background’ traffic fall into a category of traffic where we have a block of data generated (big or small) at intermittent time intervals. In order to characterize the traffic, we need the distribution function and statistics for the’block’ size and the distribution function and statistics for the interarrival time of those blocks of data. Such information can be derived from real traffic traces using statistical analysis and curve fitting techniques.

‘ Frequent Periodic’ refers to the generation of packets at regular time intervals. MPEG4 codec traffic and H.264 codec traffic can be readily represented by a ‘Frequent Periodic’ Traffic pattern. The main difference between a block  traffic pattern is that we have to be able to capture the autocorrelation in the size of packets generated (created by the codec). Autoregressive models and F-ARIMA models readily capture the behaviour of those codecs and statistical techniques can be used to derive the autocorrelation in the traffic. 

We also have a ‘transaction type’ traffic model which is characterized by an ON/OFF traffic pattern behaviour, During the ‘ON’ period we have intermittent arrival of a number of packets and no packets during the ‘OFF’ period. This traffic model can readily characterize HTTP traffic (e.g. web browsing) or voice traffic. Traces can be analysed to derive the appropriate statistics.

For the diverse data application study, we can then simulate a mix of these 3 categories of traffic being generated simultaneously for a given UE and feed that into the simulations. 

The main advantage of following this approach is that we then have a benchmark for the generated traffic which can be used to evaluate performance of proposed techniques consistently among companies. 

	Nokia & NSN
	We agree with the above comments on the need for agreeing traffic models, simulation scenarios (with and without mobility) and performance metrics (on both UE and network side).

	Alcatel-Lucent
	We agree with the other companies that the main aim of the email discussion is to find a framework for modeling the diverse traffic, the simulation parameters and the performance metrics.

	CMCC
	We agree that we should determine the model for those popular traffics in current network, and then decide the simulation condition and evaluation metrics. Especially, those traffics that have not been modeled should be discussed. 

In our understanding, the most important thing is to identify the main problems encountered by supporting diverse data applications, and then we can determine enhanced solutions based on the applications’ characteristics.

	Huawei & HiSilicon
	We agree that it is beneficial to agree on a set of traffic categories. However this should not preclude any popular application or service.
We agree with Renesas that it is difficult to agree the detail rule applicable for every case at this point. we should highlight the generic things for simulation.

	Orange, France telecom
	Orange thinks also that the framework shall focus first on a characterization of the most common/impacting traffic type including popular services and potentially the future popular services (eg gaming). We agree also with the need to have performance metrics on both UE and eNB sides. 

	CATT
	We agree that we should first achieve a consensus on basic scenarios assumption and settings (including traffic modelling and ratio, basic system parameters, load situation, mobility modelling, performance metrics and respective weight etc.) to simulate, and evaluate the current system performance in order to find problems.


Summary

Generally there was agreement that a general framework should be the primary objective rather than trying to exhaustively specify all traffic assumptions and simulation aspects. 

General frame work should consider,

· Traffic model

· Simulation environment – including generic aspects such as mobility, number of UEs to model, radio model (fading/propagation etc)

· Performance metrics

There is general consensus that some basic traffic categories could be useful; around three seems to be the expected number, although the definitions are not aligned. 
It may be possible therefore to agree that RAN2 should proceed to define a small number of basic traffic scenarios.
How to describe each category in terms of expected behaviour, high level characteristics and statistical properties or other suitable parameters needs further consideration. 
The following examples for basic categories were suggested during discussion in this section, 
· light weight background

· frequent periodic

· bulk transfer

· transaction type
In addition it is proposed that these categories should support common or popular types of services.
Traffic
1. Trace versus synthetic modelling

trace, modelling, or both are acceptable?
	Company
	Comments

	Qualcomm Inc
	Both trace and modeling are applicable. For example some gaming and some video streaming cases are possible to model, but traces are more appropriate for web-browsing.
When traces are used, there is the quesiton of how multiple companies match their results. One option is for each company to use their own trace, but provide good disclosure about the trace. Another option to create a pool of traces for common use (e.g. one trace from each company) and then all companies run experiments using the same pool. This needs more discussion.

	Renesas Mobile Europe
	We think both trace and synthetic models could be used to highlight possible improvement possibilities or unsolved issues with current specifications: Traces have the advantage of being more easily able to show complex phenomena from real-life deployments, while the synthetic traffic models enable easier repeatability of results between different companies. 

The comparability of traces and synthetic models should be ensured by companies explaining their setup. However, the issue of traces should still be discussed better: How are the traces provided? How many traces will be collected?

	Intel Corporation
	We think both trace and synthetic models can be used. But for some cases such as multiple applications running at background, it may be preferable to use traces. We can use either a agreed pool of traces or determine common traffic statistics for traces obtained by individual companies. 

	ZTE
	We agree that both traces and synthetic modelling are applicable.

If the trace approach is used, it is expected that different companies might come up with very different traces. So we agree that one possibility is that we ‘create a pool of traces for common use (e.g. one trace from each company) and then all companies run simulations using the same pool’.

	AT4 wireless
	We agree that both traces and synthetic models can be used. There are applications where traffic models can be created (e.g., online gaming). For other applications traces are more appropriate (e.g. web-browsing). When traces are to be used we recommend the use of a pool of agreed traces to ensure comparability and repeatability among different companies.

	Ericsson, ST-E
	As mentioned in the last meeting we think that traces are useful to understand traffic characteristics. This applies in particular to background traffic, i.e., the data that almost-idle applications and OS internal functions generate every now and then. This sort of traffic may prevent UEs from entering or staying in DRX or from being released to IDLE. Unfortunately, this sort of traffic is typically not described in text books and it is difficult to define a model for it. Traces appear attractive but different operating systems, firewalls, NAT systems, DNS settings and different combinations of “dormant” applications may result in quite different trace results. Nevertheless, we consider traces a good starting point for investigating such traffic patterns. As we elaborate further down, it is necessary to convert a recorded trace into a traffic model that can be used in a simulation. 
For other types of traffic (VoIP, Video, Bulk Download, Web-Pages…) models are easier to develop since the application behavior is well known. Nevertheless, development of such models can of course be assisted by traces. 

	Samsung
	Both Trace and synthetic models are applicable. Typically we will need traces to validate the synthetic models. Traces help in parametrizing the synthetic models. As traces in different scenarios can be very different we agree about the possibility of having pool of standard traces and all companies using same set of traces from the pool.

	Research In Motion
	In our view both trace and synthetic modelling are acceptable in support of proposals so long as they are representative of a justifiable use case.  Providing that companies submit a description of the conditions under which a trace is captured, along with information on its key statistical properties, this should enable a sufficient degree of repeatability and allow for comparisons to be drawn between companies.

We do not see a need to agree on a particular pool of traces.  Disclosure of the trace statistics along with possible classification of traces into the types of guideline categories previously mentioned by Ericsson (“light background”, “frequent periodic”, etc…), should provide sufficient commonality for evaluation purposes.  If traces are made available by companies are, they are of course welcome.

As mentioned, we are open to the use of appropriate synthetic models, but are hesitant to recommend the route of attempting prior agreement on a multitude of these considering the time constraints for the WI.

We agree with Ericsson’s point about background traffic, in that it is difficult to generalize across different devices, operating systems, networks and background applications.  A degree of generalization seems inevitable however if we were to characterize a “background traffic” scenario as one of the basic guideline categories.

	IPWireless
	We think that trace has two important roles, however the work should be progressed on the basis of generic synthetic traffic models. The important roles for trace are:

· use in deriving a synthetic traffic model

· analyzing specific complex protocol interactions or highlighting specific issue with the current protocol specification

The difficulty we see in relying on trace though is that it can be pretty specific to the particular application that it is taken from. We feel that one of the reasons that we needed this work item in the first place was that the original LTE specifications didn’t foresee the type of applications that would be common in the 2011 timeframe. If the outcome of the work item is based on traces for 2011 applications, we are concerned that those outcomes will not be relevant for the applications of 2013 and later. We therefore think that it is important to abstract out the pertinent aspects of traces into a set of generic synthetic traffic models (e.g. a small packet bursty traffic model, a keep-alive traffic model, a background OS tasks traffic model etc.). 

	Vodafone
	In our view the best approach is for companies to focus on the fundamental traffic components e.g. web browing, FTP, IM, streaming, keep alive message etc. and analyse the category into which each of these components fall i.e. block, frequent periodic or transaction (see above). Traces can be used to determine the right category and derive the appropriate statistics (distribution functions  to  use, mean, variance, minimum, maximum, autocorrelation etc.).

Once we have the synthetic models for the basic components, the next step is to agree on a typical mix of those components e.g. depending on observed user behaviour and to simulate the generation of the diverse mix of traffic from the different components. 

We think that it is not helpful to consider traces of a diverse mix of traffic as the combination of components can be endless and different among companies. 

	Nokia & NSN
	We would suggest using synthetic models in the beginning when screening potential options for new features and to assess their performance. Traces can naturally be used as inputs for setting the parameters of synthetic models (as indicated by Ericsson).
In later stages also selected traffic traces could be used to validate the conclusions based on the initial evaluations. One should note that a trace represents just a single traffic situation and therefore the selection of traces requires careful consideration.

	Alcatel-Lucent
	We also think that the initial approach is to work on synthetic models for the different applications. As suggested by other companies, traces can also help to parameterize of the synthetic models. In that sense, both synthetic model and traces are needed.

	CMCC
	We agree that both trace and synthetic model should be used in simulation. 

However, for those traffics which are popular these days, e.g. Instant Message (IM) service, there is still no appropriate traffic model which could well reflect their characteristics.

And different companies might provide various traces even for the same traffics, so we consider that a pool of traces or the CDF from the common understanding of each kind of services would be a good idea.

	Huawei and HiSilicon
	We prefer to use traffic models to assess the performance of potential enhancements. Traces can be helpful to understand application behaviours, especially for new applications. However; it may be difficult to agree that a set of traces really represent one application.

For simulations involving multiple UEs with different applications, the possible traffic mixes should not only be based on currently observed traffic but should also consider variants where certain applications become increasingly popular.

	Orange, France Telecom
	We think, we need both. First, we need traces for traffic characterization and for traffic model correction then traffic modeling could be used for traffic mix generation and for the final stages of the analysis.

Note that traffic modeling definition could be difficult for services like gaming. Some of them having a lot of different characteristic depending of the kind of game (poker, soccer or FPS). 

	CATT
	We think both trace and synthetic models can be used. For a traditional and classical traffic, e.g. FTP and real-time gaming, synthetic models can be created and different parameters even different distribution functions can be used to describe different users’ behaviours even approach and imitate real trace models. The traces of these traffics can also be used to further validate the simulation results. For other traffics, e.g. a rising popular mobile chat software, large numbers of trace data can be used to describe characteristics of the traffic. After admitted by most of companies, some traces can enter into a common trace pool to be used as uniform inputs for further simulations and evaluations.


Summary

Most companies agree there is a use for both trace and synthetic models. However some divergence exists on the role each may play to characterise particular traffic. 

Some suggestions are that trace can be used directly whereas others see their role more in helping to characterise or parameterise synthetic models for certain traffic types. Also there are some suggestions that trace is useful for traffic types where no synthetic model exists. Examples included background behaviours for applications or operating systems.

Attempting to summarise, the following approaches could be identified:

1. Use of trace with disclosure of trace parameters, capture environment and statistics

2. Pooling of traces to enable other companies to utilise

3. Formulation of statistical models (based on trace characteristics and statistics)

4. Formulation of synthetic models(abstracted application behavioural models – preferably adjusted to match trace observations)

RAN2 should discuss which of the above 4 approaches (or combinations thereof) would be preferable.

It seems that there is general consensus that where models are used they should be validated by the use of trace.
2. Should multiple running applications be captured using composite models/traces or should separate models/trace be derived for each application?
	Company
	Comments

	Qualcomm Inc
	For background activity (i.e. phone is not being actively used in person’s hands, but rather is in the pocket), multiple background applications should be considered. For phone being actively used, single application is the primary case of interest. 

	Renesas Mobile Europe
	Regardless of trace/model being used, It would be good to isolate which traffic source are causing issues or requiring improvements: The priorities of each traffic source should be mentioned, to understand the expected behavior (e.g. in case high-priority data causes long delays for low priority data, there might not be much that can be done). As simple traffic as possible should be considered, i.e. the minimum required to highlight the issues or improvements. 

For traces, the companies should state what has been assumed during the trace collection: Were there are multiple applications ongoing causing data traffic? (Different use cases would produce different kind of traces: Some would have multiple applications, some would not.)

For synthetic traffic, a common model for multiple traffic sources might be good, but it might also be very difficult to provide. Hence, having separate models would be simplest, provided the traffic sources are independent. For co-dependent traffic, the dependency should also be stated.

	Intel Corporation 
	In addition to the two cases above mentioned by Qualcomm, we think a combination of multiple applications running in the background while a single application is being actively used should also be considered. For this scenario, we can agree on which applications to run in the background and in active mode to come up with traces. 

	ZTE
	We believe that we could first of all try to identify a number of key (diverse data) application types for which we want to perform the evaluation. In other words, we could try to model (or derive traces for) a limited number of  different basic traffic types, for instance:  
· A traffic type characterized by (quasi)periodic transmission of small amounts of data (e.g. online gaming or keep-alive messages of chatting and Social Networking services)
· A traffic type characterized by bursty (aperiodic) transmission of medium/large amounts of data (e.g. Email, Web browsing). 
· A traffic type characterized by bursty (aperiodic) transmission of small amounts of data (e.g. online chat, instant messaging).   
After separate models/traces are identified, we could simulate the effect of different applications by combining the different traffic types in different ways.

	AT4 wireless
	We agree with ZTE on the the need to identify a number of key applications to be modelled or traced. Single traces and models would be the best option to easily differentiate the performance of each application and to evaluate the impact of an application on the performance of other applications running concurrently. 

	Ericsson, ST-E
	We agree with QC. As we said in section Error! Reference source not found., background traffic is typically the aggregate of many “dormant” applications and OS internal functions. It appears useful to record such traffic and to convert it into a model that can be used in simulations. Of course, as Renesas said, one should attempt to name the applications that contributed to the trace in order to understand differences between different traces. 

In order to understand the impact of a particular application, one should look only at that application within a simulation. Such traffic models could be built according to text-book descriptions or derived from recorded traces. 

	Samsung
	In our understanding composite models with different parameters can be used for multiple applications. 

We agree with ZTE that we will have to identify the different application types for which we want to perform the evaluation. These applications should be representative from different categories of applications. We can also study popular applications and based on their characteristics try to derive different categories. 

	Research In Motion
	Composite traffic profiles may be obtained either via measurement/modeling of each contributory application (with subsequent aggregation of the sources if independent), or via direct measurement/modeling of the composite traffic itself.  Both approaches seem workable.

If an evaluation is concerned with the performance of multiple concurrent applications with potentially differing QoS, then these need to be individually considered, requiring that (however achieved) within the simulation, packets are attributable to one of the respective sources such that performance metrics per application may be extracted.

	IPWireless
	We think it is important to consider traffic models independently instead of as a composite traffic model. The issue we see with a composite traffic model is that one behavior type from one application could swamp the behavior of another application type. 

For example, a video streaming traffic model is likely to swamp the behavior of a background OS tasks traffic model. However there are users, or device types, for which video streaming is not an issue, but battery lifetime is (or alternatively a network operator may be concerned with the amount of signaling associated with background tasks which do not generate revenue but is less concerned with the revenue-generating video traffic).

We think that the work item should lead to a system that works well for all important application types individually. It should not be concerned with the system working well only when there is a composite set of applications operating simultaneously. 

	Vodafone
	As described above, we favour the approach where we first characterize the basic traffic components we have and then consider the typical mix of those traffic components. This is more deterministic and reproducible by companies doing simulations. Using traces of combined traffic is not appropriate in our view. 

	Nokia & NSN
	Initially single service case (one service type at the time) can be used but for advanced performance evaluation a mixture of services is needed. Defining appropriate combination of simultaneous services requires more elaboration though, e.g. some “background” traffic concurrently with active service usage.

	Alcatel-Lucent
	Like some of the other companies, we can categorize the synthetic models into different general categories (light traffic, bulk traffic etc.) and pick the synthetic model representative for that category for the mix applications. For Background traffic, we are fine in starting with trace.

	CMCC
	Agree with Samsung and ZTE

	Huawei & HiSilicon
	We prefer to use separate models/trace for each application. On each UE, there may be zero or one application with active user involvement and several background applications.

We believe the purpose of defining categories is to identify applications whose behaviour is sufficiently similar so that they can be modelled in the same way.

We agree with Samsung that we should also study popular applications and based on their characteristics try to derive different categories.

	Orange, France Telecom
	For inactive:

· Background application could be derivated from composite model/trace
For active: 

· 1 application (separate derivation) without background application (composite)
· 1 application with background

	CATT
	We think that single application is the emphasis of our research. But different applications ratio and multiple applications scenarios are also one of the consideration aspects in our evaluations and comparisons.


Summary

There is a mix of preferences for the following two basic approaches:

1) Characterisation of traffic using a composite model/trace

2) Characterisation of traffic on a per-application basis

Several companies supported using the composite approach (1), notably for the case of background traffic behaviour or in the case that a few generalised basic traffic scenarios are defined.

Other companies favoured the per-application approach (2).

A mixture of these two was also suggested, where a composite model/trace is used to represent multiple background inactive applications, overlaid with a particular traffic model/trace for an active application. 

It seems that further consideration is needed before an agreement can be reached in RAN2.
There did seem to be some consensus however that:

1) background traffic would be best handled using the composite approach

2) active applications could be handled either

a. according to defined basic traffic scenarios, or

b. on a per-application basis.

RAN2 could consider whether it can agree with these as a first step.
Trace
3. When trace is used which characteristics of the trace need to be provided?

  - Applications running

  - Inter arrival time distributions

  - Packet size distributions

  - Trace specific details (e.g. environment/layer) ?
	Company
	Comments

	Qualcomm Inc
	All of the above should be provided. For the inter-arrival time distributions, one important distribution is the cdf of the the time interval between a UL packet and a subsequent DL packet (i.e. in case a UL packet is suceeded by a DL packet, we should log the cdf of the time  interval  between these two packets). This can help in DRX modeling. 
Also, trace specific details such as the smartphone operating system name and radio technology (UMTS/HRPD/LTE/WiFi) should be included.

	Renesas Mobile Europe
	The trace information should contain as much information as possible: Applications, measured inter-arrival time distributions, measured packet size distributions, the layer where the trace was done (e.g. does the trace represent IP layer or MAC layer, etc.). Additionally, the trace should as many details as possible about the used wired or wireless connection, 

	Intel Corporation 
	We think all of the above should be specified and also the device type ie. Smartphone, dongle, etc.

	ZTE
	One thing needs to be clarified about the ‘trace’ approach:

1. Is the intention that companies should bring a number of traces? (i.e. a number of different realizations of a given traffic type or mix of traffic types). In this case it is expected that the (commonly agreed) traces are put in a pool of traces, and that such pool is then used by different companies to run simulations using the same inputs.
2. Or is the intention that companies should bring a trace-based traffic model? (as opposed to a synthetic/analytical traffic model). In this case a traffic model (although based on real-life traces) would then be used to generate virtually infinite different realizations of the traffic type (or mix of traffic types) for the simulations.
We think that both approaches could be ok, but things like the CDFs of ‘inter-arrival time’ and ‘packet size’ seem to be needed only in the the latter case, i.e. if the intention is to use them as an ‘inputs’ to generate different traffic realizations (but in this case some further information would probably be needed, such as the time correlation between UL and DL traffic, as pointed out by Qualcomm). 

	AT4 wireless
	We also agree that all of characteristics listed above should be provided. Radio technology, protocol layer and device type are also essential information to be provided.

AT4 wireless participates in the EU FP7 Project “LOLA” (Achieving Low-Latency in Wireless Communications) which is deriving traffic traces for a number of applications (e.g. online gaming and M2M applications such as IP video surveillance camera, etc.). For all these traces all of the abovementioned characteristics are available.

Further information about the LOLA Project can be found at http://www.ict-lola.eu/

	Ericsson, ST-E
	Inter arrival time distributions are important. But as we discussed in the last meeting, the measurements are typically biased by the system in which the trace was done. E.g. the inter-arrival time between an UL HTTP request leaving a client and the following HTTP response depends on the system’s RTT and data rate. Similarly, the inter-arrival times of consecutive packets of a file download depends primarily on the data rate of the bottleneck link. A CDF of those packet inter-arrival times can therefore not be used to generate traffic for a link with a different data rate. 
We should therefore discuss how to filter these effects from the recorded trace and to convert it into a model for simulations. Instead of throwing IP packets at recorded arrival times and with recorded size into an LTE simulator, one should derive an application model (number and size of files/objects within one session) from the trace. All underlying protocols (TCP as well as ARQ, HARQ, DRX, …) should then be part of the simulation in order to obtain useful results.
This relates also to ZTE’s question above and we think that it is important that we agree how we convert recorded traces into “trace-based traffic models”. Therefore, we should try to agree upon a few trace-based traffic models.

	Samsung
	We first have to agree on the different application types for which we want to perform the evaluation subsequent to which traces can be collected for the identified applications. We will need all of the above mentioned trace characteristics.

	Research In Motion
	Disclosure of applicable traffic trace statistics (including inter-arrival time distributions, packet size distributions and mean data rates) and of information regarding the capture environment (e.g. running applications, the data rates of involved links, the capture layer) is required, to a degree sufficient to enable a reasonable cross-comparison between companies.

We do agree with Ericsson’s comments that for better accuracy, some care is needed when driving simulators with trace containing “closed-loop” protocols (such as TCP), as the trace is already affected by the system in which it was recorded.  Some further comments on this in TCP question 5 below.
We recognize that different traces of the same general scenarios may yield different distributions, but the overall distributions should be reasonably consistent with traces from other companies and published data.

	IPWireless
	Packet size distributions and application type are important. The general mode of operation of an application is important. We are not so interested in the inter-arrival time distribution of packets on the air, but are interested in the application dynamics of when packets are created by the application. Examples of application dynamics are:

· when the application receives something in the UL, how long does it take to offer data in the DL?

· for a web browsing type traffic model, what are the reading times associated with the human user? Once a user sends a GET request, what is the distribution of size and time of the generated packets?

We think that the inter-arrival times seen in a trace can be a function of the performance of the underlying radio system and not be indicative of how the application would operate on a radio system that is better suited to transmission of that application’s traffic type.

	Vodafone
	 If we are going to use a trace of a combined number of applications, it would be appropriate for companies to first agree on what are the applications to be considered so that traces are generated with the right mix of applications.  

All the above characteristics would be required to understand the discrepancy among generated traces. 

	Nokia & NSN
	agreeing with the previous comments, all the information about the traffic characteristics as well as the layer what the trace represents needs to be known.

	Alcatel-Lucent
	All the characteristics listed should be provided to make sense of the trace. If mix applications are needed for trace, we need to first come to an agreement on the applications that will need to be included in the trace.  Which layer the trace should be collected should be discussed.

	CMCC
	Besides above trace characteristics, we agree that maybe more characteristics are beneficial for further discussion and simulation. Furthermore, we also think that we should try to categorize different traffics firstly and then to determine which characteristic is needed and how to obtain it.

	Huawei & HiSilicon
	We think traffic models are necessary to assess the potential gains of a new feature. Using simulations based on traces is likely to be more difficult.

We agree with Ericsson that the correct way to look at traces is to try to eliminate the influence of underlying protocols (TCP, IP, ARQ, HARQ) and of network choices (e.g. DRX, scheduling).

Then, we should attempt to match the observed traffic with existing traffic models. If no well-known model appears to cover the main characteristics, we can consider creating a new one.

In this case, we would prefer to e.g. elaborate a model based on a reasonable knowledge of the behaviours of the considered application, combined with a model of user behaviour, and use traces only to parameterize the model. As many details as possible are needed for any trace provided and the applications should be fully identified.

	Orange, France Telecom
	All of this item shall be considered. The last one shall be discussed further. We need information on the mobile type, application builder (ex player for streaming) and likely also further information on the OS system type.

	CATT
	For the traffic type which could not use synthetic model, all the characteristics listed should be provided.


Summary

If trace is used during an evaluation then it was generally agreed that sufficient information should be provided. Among the information suggested to be useful were the following,

· Applications running

· Inter arrival time distributions, including UL packet transmission to subsequent DL packet arrival
· Packet size distributions

· Trace specific details
· device type (dongle, smartphone etc.)

· Operating system

· Radio technology/environment traced captured in

· Layer where trace captured 

· Mean data rates

Some of these parameters may be possible to agree in RAN2 as basic guidelines for trace submissions
Some companies also expressed that a first step RAN2 should agree which application should be traced and evaluated.

AT4 Wireless identified the work in the EU FP7 Project “Lola” which is also currently deriving traffic traces for a number of applications and currently has a number of defined parameters for providing trace contributions.

A couple of companies expressed opinion that the trace statistics are typically biased to the system within which they are captured and so suggested that some filtering of the results to remove these system effects. 

Synthetic Model
4. If a synthesized traffic model is to be used. 

- proposals for how to achieve one within appropriate timescales to not delay completion of the work item?
 - proposals for how to capture a range of application behaviours / mix of applications?
 - any other aspects to consider?

	Company
	Comments

	Qualcomm Inc
	We are hoping to provide a model for gaming in August (we are currently studying which model will be appropriate). Range of application behaviors can be captured by changing the traffic model or parameters.

As stated before, we think synthetic models for mixed applications are not needed at this stage. 

	Renesas Mobile Europe
	The description of the model should include a description of what the model aims to achieve (e.g. “infrequent transmission of a burst of packets with strict delay requirements”), as well as any issues with co-existence of other applications. 

Additionally, the prioritization of the model should be described: E.g. which QCI would be used for the traffic? 

The synthetic model description should tell also how the reverse direction behaves, e.g. for TCP-like model, how are ACKs generated?

	Intel Corporation
	Due to time limits , if an appropriate (how closely match with actual traffic) model can not be found, we should make decision on how to use traces.  

	ZTE
	Similar comment as Renesas: each model should indicate which traffic type characteristics it aims to imitate (e.g. periodic/aperiodic transmission of small/large amount of data, with/without delay requirements, etc.). We think that a few (2 or 3) different models could be defined, one for each key application type.  

	AT4 wireless
	The LOLA Project is currently deriving traffic models for a number of applications including online gaming and some M2M applications. As different types of games generate different traffic patterns, it is important to agree on the types of games used in the modelling.

	Ericsson, ST-E
	@QC: Do we understand correctly, that you are attempting to derive a gaming traffic model from traces? If not, based on what input do you design your model? 

@ Intel: As we said above, we think that it is important to derive a model from a recorded trace in which the characteristics of the system in which the trace was recorded are removed as much as possible. Therefore, we don’t think that using traces is always simpler than defining a model based on knowledge about the behavior of the actual application.

	Samsung
	We would prefer to use synthetic models as they facilitate parameterization of a range of application behaviors / mix of applications. 
We will also have to agree on 

1. Set of key applications (Application categories)
2. Level at which to collect traces (Connection level (TCP), Session level etc)

Then choose the best model that captures the characteristics.

	Research In Motion
	Generally, we are fine for well designed models reflecting real world application traffic to be used during evaluations. Acceptable models may suitably abstract traffic traces recorded by a company or may be based on data in literature.

However, we do not feel that a requirement to determine and agree-upon new models for each of multiple applications is practical within the time constraints of the work item.

As previously mentioned, we do see potential value (for general alignment purposes) in defining e.g. a small number of basic guideline traffic categories in terms of their statistical properties, or usage profile, and these could potentially be used to generate model-based traffic sources.

However, this should not preclude the work item moving forward with trace-based evaluations, or preclude additional diversity in the models.

	IPWireless
	We agree with Ericsson that a synthetic traffic model should be based on knowledge about the behavior of the actual application. However, we think that a synthetic model should be abstracted away from one particular application such that it is generally applicable to certain types of behavior. Hence, we would like to see a set of synthetic traffic models: a small bursty transmission model, a background tasks model, a web browsing model, a messaging traffic model. The system should then work well for each of these traffic models – or we should at least see whether the current specifications do not support certain traffic models well and need updating to address those models.

	Vodafone
	Our proposal is as follows:

1) RAN2 to agree on a number of basic traffic types (we propose 3 and so do some other companies)

2) RAN2 identify the basic applications of interest e.g  FTP, web browsing, streaming, Instant messaging, OS generated traffic

3) Each company provides the traces they have for these components of traffic (not for combined traffic)

4) RAN2 discuss the appropriate traffic type (block, transaction, frequent periodic) for each component

5) Company derives required statistics (distribution functions, mean, variance, minimum, maximum, autocorrelation etc.) from their trace for the chosen traffic type. 

6) RAN2 discuss those statistics and choose a common set for each traffic type. 

7) RAN2 discuss the typical mix of applications to consider in the study

8) Companies simulate the chosen mix (using different components) and use the generated traffic in their simulation.

	Nokia & NSN
	Synthetic models should at least be characterized by the following: inter-arrival time of data packets, varying packet size, multiple simultaneous services (of different types). With these parameters a variety of traffic scenarios can be created. Such modeling should be sufficient at least in order to assess the basic impact (improving/not improving the performance) of the proposed new features. In later stages, more complex models can be used to verify the operation in details and in multiple operating scenarios.

	Alcatel-Lucent
	We agree with Vdf that we first have to agree on a set of applications that is of interest to be included and categorize them accordingly. With these basic synthetic models, we can pick the representative model of that category and any type of mix traffic can then be modeled and simulated.

	CMCC
	Similar comments as Renesas and ZTE

	Huawei & HiSilicon
	Like Ericsson, we think that using a traffic model based on the knowledge of an application may be easier than using traces.

As a wide range of traffic models are already available, there should be the need only for a few more. Probably a bit more than 3 types of application are needed to cover all popular applications.

Different companies seem to understand "synthetic model" and "synthesized traffic model" differently. Do we mean one model representing the traffic of multiple (background) applications together, or do we mean a model created for a new application with the support of traces?

	Orange, France Telecom
	We think that we should first agree on exhaustive list of synthetic model with a fine characterization via the main designing parameters like inter-packet, packet size variation and so on.

Then, we should focus on a small set of representative traffic types in order to identify the main impact of such service type, then try to start discussion on how to improve their support.

	CATT
	Some traffic modelling admitted widely can be used in simulations and evaluations. And different parameters even distribution functions can be used to capture different users’ behaviours.

If mix applications are needed, independent synthetic modelling occur concurrently.


Summary

Proposals to support a general categorization of applications into traffic types were generally preferred. 

A suggestion was that a clear decision should be made regarding which applications should be used to construct the typical traffic scenarios. 

Within the definition of the models a clear description of the traffic types is required along with the following proposed parameters,

· Priority of traffic (QCI)

· Reverse traffic characteristics 

· Periodic/aperiodic transmission

· Size of packets

· Delay requirements (latency)

· Inter arrival time of packets

· Multiple simultaneous services

RAN2 may consider capturing the above as a general agreement
Traffic types/models proposed in this section have included.

· Small bursty transmission

· Background tasks model

· Web browsing model

· Messaging traffic model

· Bulk/Block transfer

· Frequent periodic

When developing a model from trace again some companies proposed that characteristics of the system from which the trace was taken should be filtered out so as to not influence the final model used for simulation. 

Some views were expressed that models for mixed application traffic are not required, whereas some alternative views were that mixed models can be built from individual traffic model categories after these have been first agreed.

There was also some suggestion that whilst synthetic models can be characterized by statistical characteristics, using trace based evaluations should also be permitted.

Further discussion on these aspects may be required.

TCP
5. Should TCP be modelled (and if so, how)?

- in which cases would TCP modeling be required?

- for trace / synthetic models?

	Company
	Comments

	Qualcomm Inc
	TCP can be modeled as a standalone to begin with, i.e. use of TCP to download or upload one object. This will help us understand the issues of DRX interaction with TCP. This simulation can be done for a single user only, with a fixed rate at PHY. Mixing of TCP dynamic with other traffic types such as web browsing seems too complex for now. 

	Renesas Mobile Europe
	Lot of the traffic in wired and wireless networks uses TCP already, so we think it would be essential to have at could be studied separately, but is an important part of the work. It should be mentioned whether TCP has been used/modeled.

Regarding TCP modeling, at least slow start and congestion avoidance should be modeled: Both are essential components of TCP operation and affect the way TCP forwards traffic to lower layers

Traces would often already utilize TCP by default, if the trace is done at a high enough layer.

	Intel Corporation
	Decision to model TCP depends upon whether we use traces or synthetic traffic. In the case of synthetic traffic, we should model TCP. However, traces may already incorporate the impact of TCP layer. 

	ZTE
	We agree that TCP impact is already covered if traces are used (when the application generating the trace uses a TCP layer). For the synthetic model case, TCP effect can be added (if we want to simulate applications using TCP).

	AT4 wireless
	We think TCP for synthetic model is more appropriate because TCP performance is time sensitive. TCP performance depends on the ability of the TCP implementation to track the RWIN size in latency varying scenarios. This should be also considered in the model.

	Ericsson, ST-E
	We agree that TCP is important to consider. 
As other companies said, TCP ACKs are already seen in a trace. Depending on how we derive models from such traces, the TCP protocol must be implemented in the simulator or not. 

	Samsung
	If we agree to collect traces at the connection level, TCP traces are captured. These traces can be used to evaluate what synthetic modes can be used at the connection level.

	Research In Motion
	Whilst some evaluations may require consideration of the effects of TCP, some others may not, and this will depend on the specific proposal being put forward and the performance effects under consideration.

In cases where TCP is to be modeled then:

· For synthetic models, relatively straightforward simulation of the basic effects of TCP may suffice (capturing slow start and congestion avoidance as mentioned by Renesas)

· For trace, whilst it is true that TCP is often already embedded, an understanding of the behavior of TCP in response to a different assumed link rate or DRX pattern would require identification of the TCP streams/conversations within the trace and subsequent re-modelling of the TCP transfers for each stream within the simulator environment.  Again, a simplistic TCP model would seem sufficient, covering slow-start and congestion avoidance.

	IPWireless
	For many traffic models, we think that TCP will be important to consider.  We agree with Renesas that at least slow start and congestion avoidance should be modeled as they are standard components of TCP operation.

However we are also interested in applications that do not rely on TCP: e.g. applications transferring small amounts of data over SMS, or applications that generate a lot of network signaling traffic.

	Vodafone
	It might be better to consider the file size generated at source without the effects of TCP when collecting traces e.g. what is the web page size distribution or object size distribution within a web page. If we feed these statistics into a synthetic model, the model will generate the page size or object size at application layer. This file gets segmented at TCP level and sent in increasing packet sizes as the TCP window increases. The simulator can simulate the TCP protocol effect for a given amount of data. 

	Nokia & NSN
	Share the same view with Intel: when synthetic traffic is modeled, main effects of the TCP connection shall be taken into account with the evaluations, particularly: three way handshake (in the beginning), slow start, window size, RRT. Implementation of the TCP protocol itself is not mandatory.

	Alcatel-Lucent
	The modeling of TCP is important to be considered for synthetic models which use TCP connection and we are fine with capturing slow start and congestion avoidance as suggested by Renesas. 

	CMCC
	TCP should be considered in both trace and synthetic modeling.

	Huawei & HiSilicon
	For applications/services using TCP, the main effects should be modeled when using traffic models.

	Orange, France telecom
	We think that both service with TCP and service without TCP shall be analyzed. 

Generally, TCP could be considered as a configuration parameter (TCP slow start, tcp congestion behavior). Each service or each services mix can be analyzed with TCP context and without TCP.

	CATT
	For synthetic traffic, TCP functions at least slow start and window mechanisms should be modelled. 
If traces are done at high layer, such as application layer, for getting more application information from header, TCP functions should also be modelled. If traces are done at layers below TCP layer, the impact of TCP layer has been included, and TCP functions should not be modelled.


Summary

Most companies were in favour of modeling TCP when appropriate for the proposal or traffic type under consideration (particularly in the case of synthetic models).  When used, most felt it sufficient to capture in the TCP model, the basic  behaviours resulting from e.g. three-way handshake, slow-start, congestion window and RTT.


It was also noted by some companies that other applications not requiring TCP should also be considered, and generally the use/modelling or not of TCP should be made clear when presenting the model. 

The above status may be agreeable to RAN2 as a common way forward.
Mobility
6. The need to consider mobility was raised during RAN2 #74 (but may not be relevant to all proposals). In cases where mobility is relevant, what mobility 
ignalin needs to be supported (e.g. single cell / multi cell, RLF etc…)

	Company
	Comments

	Qualcomm Inc
	Can consider mobility as part of the mobility study item that is currently ongoing. In particular mobility robustness in presence of DRX needs to be evaluated. 

	Renesas Mobile Europe
	We think that mobility may be relevant for some cases: At the least, even if mobility is not considered, companies should consider in their analysis what are the possible effects mobility could have ? In case there is a problem at handover, this could be demonstrated via mobility analysis. Otherwise, mobility should not normally add much to the data transmission procedures: Only possible temporary delays to data, which often/typically would not be problematic

	Intel Corporation
	In cases for Long DRX, we think mobility should be modeled in a simplified manner. For other cases, it may not be necessary. 

	ZTE
	First of all, the purpose of introducing mobility should be clarified:

· consider the additional signaling overhead brought by HO

· consider impacts to user experience caused by RLF 

· … other reasons

In our view, only the addition
ignalinging overhead should be considered (while RLF should not be part of the evaluation). 
In this case there seems to be no need to fully simulate the UE mobility. A single cell model could be considered, together with a HO probability (e.g. for UEs whose DL measurement is lower than a certain threshold). And then we could further assume that the UEs who experienced the HO procedure don’t really leave the cell, but they still stay in the same cell and continue their data transmission. With this method, t
ignalinging overhead due to HOs could be evaluated, without leading to any additional complexity.

	AT4 wireless
	One may think of online gaming scenarios where the user is mobile (playing while travelling inside a vehicle for instance).

	Ericsson, ST-E
	It has previously been discussed whether UEs should be released to IDLE or kept in RRC Connected. While the same DRX Cycles are available in both states, there will be more mobility related signaling (measurements, handover commands) in RRC Connected state. On the other hand, transitions between IDLE and RRC Connected cause signaling as well. In order to evaluate such effects in simulations, mobility (and state transitions) needs to be modeled.

	Samsung
	It is natural to think of including mobility into study. However this will add one more dimension into the problem scope which can increase the complexity of our study. Therefore we are also fine if we can separately study that how much deviation in application traffic characteristics is expected because of mobility. If impact foreseen is not large then in our opinion mobility considerations can be ignored.

	Research In Motion
	The need for modeling mobility will depend on the proposal being assessed and is unlikely to be necessary in all cases.  Mobility aspects should therefore be assessed on an as-needed basis.

	IPWireless
	It is important to model aspects of the system that generate signaling traffic since a lot of the traffic associated with low data rate models (such as background OS tasks) may be network signaling traffic, such as IDLE -> RRC Connected transitions and handover-related signaling.

	Vodafone
	We should study the impact on mobility performance for any proposed techniques to optimize UE battery consumption whilst supporting a diverse  mix of traffic.

	Nokia and NSN
	Minimization of UE power consumption (e.g. through extended “sleep” times) might affect mobility and therefore, the performance impact of the new features should be studied in the mobility study item. However the signalling trade-off between RRC_IDLE ↔ RRC_CONNECTED transitions and measurement/HO signalling in RRC_CONNECTED should be studied in this study item.

Thus (depending on the proposal) mobility simulations should be done as well. For realistic mobility performance evaluation, multi-cell modelling is needed preferably having realistic UE mobility modelled (i.e. single cell simulations are not enough).

	Alcatel-Lucent
	Our understanding of adding the mobility aspect is to look at how DRX or other UE power saving scheme affects the performance of mobility in terms of robustness and signaling required if handover does happen while UE is in some forms of power saving mode.

	CMCC
	Mobility should be considered for particular solutions, e.g. long DRX. However, before discussing any solution, we should firstly identify issues caused by diverse data applications, and then investigate the mobility issue when we come to a specific solution.

	Huawei & HiSilicon
	We agree with RIM that the need for modelling mobility will depend on the proposal being assessed and is unlikely to be necessary in all cases.
For instance, if some proposals only apply for static UEs, it may be unnecessary to model mobility. 

	Orange, France Telecom
	Agree to include Mobility within the study.

	CATT
	We think mobility modelling of usual system simulations is needed.


Summary

There was general support for the view that mobility should be considered as part of the simulations only where a proposal is considered to be impacted by mobility.

The above may be agreeable as a general principle for a way forward.
Mobility aspects concerning the behaviour of UEs with long DRX were suggested by some to be required. In particular the additional signalling overhead and UE battery impacts from mobility were identified as possible factors to be affected by mobility. It was noted that mobility-related signalling overheads may also be related to RRC state. 

Whether to study the effect of mobility and its interaction with DRX was suggested by some to be within the scope of the new Mobility study item, although others considered it to be applicable to this work item. This needs further consideration in RAN2.

Positions on the degree of mobility modelling were not widely expressed although Nokia/NSN stated that they considered multi cell modelling would be required and single cell was not enough. 
Other
7. Are there any other aspects that need to be considered as part of these traffic evaluation aspects, and why?

	Company
	Comments

	Qualcomm Inc
	We believe that at least in the initial stages, the role  of DRX is best studied by single user simulations with some constant assumption about the PHY rate (e.g. 5Mbps). This will unfortunately prevent the study of control channel loading and fading effects, but we don’t think those are critical to the study of DRX performance. 
More complete system level studies can be considered at a later point depending on the problem we are trying to understand.

	Renesas Mobile Europe
	While DRX has not been explicitly mentioned, we think it should be accounted for in many of not most of the cases. Studies of DRX could be done in many ways, though, and we wouldn’t mandate any single approach over the others. The important thing is that the analysis considers the common metrics discussed in the next section as well

	ZTE
	Apart from the traffic model (or traces) and the mobility aspects, also the other simulation environment settings should be discussed (system parameters, radio modelling, etc.) 

	AT4 wireless
	We agree on all the above. We also think it is interesting to define objectives for the QoS classes from the user perspective. We think it is important to define benchmarking values so that the real impact (qualitative not only quantitative) on performance deviations can be evaluated.

	Samsung
	We will also have to agree on 

1. Set of key applications

2. Level at which to collect traces (Connection level (TCP), Session level etc) and define synthetic models

	Vodafone
	We need a common assumption on the link layer model


These points need further consideration by RAN2 and decisions made accordingly.
2.2 Evaluation Outputs (metrics):

In general metrics discussed during RAN2 #74 seemed to fall into 3 separate areas:

 - power consumption

 - overheads/ signalling

 - user experience

Companies are asked to indicate which metrics within each of these categories they feel are necessary and why.  If companies feel that further areas are missing then this should be made clear and why.

Note that it may not be necessary in all cases to agree on specific metric definitions for each category (this should of course be done where possible), but as a minimum we do need to identify and outline those performance aspects considered by RAN2 to be of most relevance such that there is coherence to the work across companies. Companies are however encouraged to provide details where possible.

8. UE power consumption

· e.g. active time,...

9. Overheads/Signalling

· e.g. signalling/resource overheads

· frequency of RRC conn/idle transitions

· system load

10. User experience

· throughput

· latency

	Company
	Comments

	Qualcomm Inc
	 Items 8, 9 and 10 are good. 

	Renesas Mobile Europe
	All of 8-10 should be considered. Some comments to each:

8. Power consumption should be considered for most or even all the cases. Since the goal is to “study power consumption comparable to idle mode” for active mode UEs, a benchmark of idle mode power consumption should be obtained.

· The transition between RRC_IDLE and RRC_CONNECTED should also be considered in power consumption calculations

· Both active and idle mode power consumption baselines would be needed for any case where the improvement aims to improve active mode power consumption 

9. The overhead calculations may depend heavily on network configuration, so that should be accounted for.

· Signalling overhead can be easily estimated by counting the number of additional/reducible bits/s.

· Transitions between RRC_IDLE and RRC_CONNECTED happen at the behest of network. Therefore, assumptions to what triggers the transition should be mentioned. The reduced number of transition could be evaluated as an improvement of signaling overhead.

Latency and throughput are probably the easiest metrics to quantify as it can show an numerical improvements to existing system. In addition to achieve throughput/delay, we should consider the desired throughput/delay: Some applications might be satisfied with less delay/throughput than others, so when considering a known application, the expected throughput/delay should also be considered.

	Intel Corporation
	Items 8,9 and 10 are good. 

	ZTE
	All performance metrics 8, 9 and 10 are needed. Furthermore we support the comments from Renesas.

	AT4 wireless
	 It is important to select a performance metric framework that helps define and measure the selected KPIs. As LTE uses an IP PS flat architecture, we think IP Performance Metrics (IETF) and all related RFCs is a good option. There a mature specification of all relevant metrics: definition, measurement method, statistics and measurement errors, can be found. 

We propose the following IP packet level metrics: 

· one-way delay: impacted by link latency, 

· IP delay variation: streaming applications and even TCP performance are impacted by high jitter at IP level.

· packet loss rate

· packet loss rate distribution: consecutive packet loss is of particular interest to certain real time applications, such as voice and video.

Throughput, defined as transfer rate at IP level (i.e., after layer 2 flow and error control mechanisms) is also needed.

	Ericsson, ST-E
	Items 8, 9 and 10 are good.

	Samsung
	Agree that 8, 9 and 10 are needed.

	Research In Motion
	All 8, 9 and 10 are useful.

We are in agreement with the additional points raised by Renesas.

	IPWireless
	We think that item 9 is of the greatest importance, although 8 and 10 are also relevant.

In terms of throughput, for some applications the important output metric is the number of small messages they can transmit rather than the total number of bits they can transmit. For some applications, a system that transmits more messages using fewer resources (physical bits, signalling resources, power etc.) is better than a system that transmits fewer messages using more resources.

	Vodafone
	We are fine with 8,9,10. perhaps for 10 we need to consider the mobility performance aspects also e.g. RLF rate, handover failure rate etc. 

	Nokia and NSN
	 All of the proposed metrics 8–10 should be considered. 

	Alcatel-Lucent
	All the performance criteria should be considered.

	CMCC
	We consider that items 8, 9 and 10 are important for this WI. However, we do not see the necessity of introducing some metrics, e.g. throughput, since we think that throughput is not so important for some applications.

	Huawei & HiSilicon
	The proposed metrics are ok as a starting point but more details should be discussed and agreed.
For instance, one of the WI objectives is to reduce the usage of control channel resources regardless of UE power consumption so all control channel overheads should be considered including PUCCH & PDCCH and not only RRC signalling.
Also, as CMCC mentioned, throughput is not so important for some applications.

	Orange, France Telecom
	Item 8-9-10 are ok. Capacity has to be taken into account when discussing solutions. Impact on capacity shall be avoided. 

	CATT
	All of above performance metrics should be considered. 


Summary

3 separate areas for metrics were proposed based on previous meeting discussion. These were generally agreed, as well as the following comments from Renesas.

8. UE power consumption

Power consumption should be considered for most or even all the cases. Since the goal is to “study power consumption comparable to idle mode” for active mode UEs, a benchmark of idle mode power consumption should be obtained.

· The transition between RRC_IDLE and RRC_CONNECTED should also be considered in power consumption calculations

· Both active and idle mode power consumption baselines would be needed for any case where the improvement aims to improve active mode power consumption 

9. Overheads/Signalling

· e.g. signalling/resource overheads

· frequency of RRC conn/idle transitions

· system load
The overhead calculations may depend heavily on network configuration, so that should be accounted for.

· Signalling overhead can be easily estimated by counting the number of additional/reducible bits/s.

· Transitions between RRC_IDLE and RRC_CONNECTED happen at the behest of network. Therefore, assumptions to what triggers the transition should be mentioned. The reduced number of transition could be evaluated as an improvement of signaling overhead.

10. User experience

· throughput

· latency
Latency and throughput are probably the easiest metrics to quantify as it can show an numerical improvements to existing system. In addition to achieve throughput/delay, we should consider the desired throughput/delay: Some applications might be satisfied with less delay/throughput than others, so when considering a known application, the expected throughput/delay should also be considered.
Some of the above may be agreeable to capture as a basic way forward on metrics.
3 Summary and Conclusions

Summaries are added above to each separate section. 

Possible ways forward are captured in highlighting for RAN2 consideration.

[To be updated by the rapporteur at the end of the e-mail discussion]
