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1. Introduction

Some proposed enhancements for the WI on RAN Enhancements for Diverse Data Applications will need to be evaluated as to whether they demonstrate benefits that justify their adoption.  In this document we outline metrics that may be helpful in this evaluation.
The objectives of the work item are to improve the efficiency by which the LTE RAN is able to handle and manage a wide variety of traffic profiles.  The term efficiency here relates to various performance aspects, notably those affecting the delivered QoS, the UE power consumption, the data handling efficiency of the system and associated occupation of system resources.  As described in the WID for this work item [1], tradeoffs between these often-competing performance-related attributes must sometimes be accepted.  Part of the work aims to identify enhancements that are able to offer improved tradeoff points for these system performance attributes.

Metrics in 3 primary areas are considered to be of relevance to this work item:

· UE power consumption

· User plane data handling efficiency

· User-visible metrics associated with the delivered QoS
A more detailed discussion of metrics in these areas is provided in sections 2, 3 and 4 respectively.
2. UE power consumption

An important aspect affecting the power consumed by the UE is the effectiveness of DRX and its configurations.  DRX by itself is a mechanism for controlling the time that the UEs must receive the PDCCH when RRC connected.  When comparing proposals, it is helpful to have one or more metrics that capture the generalised benefits of DRX without involving too many aspects that may be implementation specific.

The following two metrics are proposed for consideration:
2.1 Active Time Utilization

The goal of this metric is to capture the efficiency of the DRX pattern in terms of how well it matches the applied traffic profile and therefore is a measure of how well the UE uses the DRX active time.  Active Time Utilisation can be expressed as:

ActiveTimeUtilisation = TxRxTime / ActiveTime

… where:
· ActiveTime is the number of TTIs when the UE must decode the PDCCH.

· TxRxTime is the number of TTIs when the UE receives a valid DL or UL assignment (i.e. related to transmission on PUSCH or reception on PDSCH.
The metric would vary between 0 and 1, that is, when the DRX setting is perfect with respect to the traffic the metric will be 1, whereas when the setting poorly matches the traffic, the metric will be close to 0.

2.2 Power Efficiency
The above ActiveTimeUtilisation metric provides an indication of the time-domain utilisation of the active time.  If values can be agreed upon for approximate relative power consumption values at various states of DRX (i.e. at the per-TTI level), then the ActiveTimeUtilization metric above can be extended to a power efficiency metric that takes into account these variable power consumption values in different TTI transmission or reception states.
From the receiver point of view, within a subframe, a UE can be considered to be in one of three basic receive modes:
· Receiving PDCCH and a PDSCH assignment (time = TRx and power = PRx)

· Receiving PDCCH without receiving PDSCH (time = TPDCCHonly and power = PPDCCHonly)

· DRX (time = TDRX and power is PDRX)

From the transmitter point of view, within a subframe, a UE can generally be considered to be transmitting or not.  It is assumed here that the power consumption variations due to the actual transmit power may be averaged to a single suitable value PTx, or could be scaled according to the number of bits transmitted in the subframe.  It should be noted that for FDD systems, the transmit time TTx can overlap with any of the above receiver times.  PowerEfficiency could then be defined as follows:

PowerEfficiency = (power used to actually transmit or receive data) / (total power used)
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It would be helpful if relative values for PRx, PPDCCHonly, PDRX and PTx could be agreed as it would then allow for this useful power efficiency metric to be calculated in addition to ActiveTimeUtilisation.

The PowerEfficiency metric will vary between 0 and 1.  When the DRX mechanism is efficient, the metric is a number close to 1, indicating that most of the power consumed was to send and receive actual user data.
3. User-Plane Data Handling Efficiency

The efficiency by which the system services user plane traffic is a function of the control overheads needed to support their delivery.  In respect of this work item, control overheads could be classified broadly into two main categories:  those related to RRC signalling overheads (e.g. associated with RRC state transitions) and those related to L1 overheads (e.g. related to UL control feedback).  The following two metrics would be related to these overheads:

3.1 RRC State Transition Frequency

Frequent transitions between RRC states RRC_Idle and RRC_Connected can result in a significant amount of signalling.  The signalling loads occur not only over the Uu but also over S1-MME on interfaces within the CN.  eNB and CN processing loads and memory requirements are also affected.   An RRC Transition Frequency would be a simple but valuable metric defining the number of RRC connection establishments per time interval (e.g. per minute).  This could potentially be further extended to derive other more-specific metrics such as user plane data efficiency (e.g. using the ratio of user plane to control plane data volume, or the ratio of user plane to (control plane+user plane)).
3.2 Connected Mode Time

A further metric related to RRC state control could be ConnectedModeTime.  This would simply be the fraction of time (over all time) that the UE is in connected mode (e.g. as a function of an RRC connection inactivity timeout value).  This may potentially be used as a building block to ascertain further information of relevance such as the size of population in connected mode, UE power consumption and the amount of resources used.  A distribution of RRC connection durations may also be useful.

3.3 PUCCH Utilization

It is useful to have a metric on PUCCH utilization.  Some treatment of this has been presented in [2], and we generally concur with the approach taken within that document.  There are two areas to consider:
· How much PUCCH resource the system needs to reserve for a population of connected mode UEs

· How often the reserved PUCCH resources actually get used
Specific metrics related to these two areas should be captured.
4. User Visible Metrics / QoS
It is easy to see how one can use an aggressive DRX scheme and score well on some of the metrics above.  However a poor user experience may be provided in terms of the delivered QoS. It is therefore necessary to have one or more user visible performance metrics to measure desired performance.
It is not straightforward to quantify how perceptible an alteration of a QoS parameter is to a user and this may vary for different applications.  Some significant simplifications are likely to be required.  Some possible simple and more-accessible metrics are proposed in the following:
4.1 Latency

DataLatency is the time delay between the traffic model source generating a unit of data (e.g. a web-page, an IP-datagram, a sub-frame’s worth of transmission) and the time that the unit of data is delivered to the receiver. Over all such data units in the simulation, a CDF DataLatencyDistribution is obtained.
Different percentile points of the CDF may be used according to the perceived sensitivity of the service to latency events, or conversely the fraction of latencies beyond a certain tolerable latency value could be logged.
4.2 Throughput

Related to the latency metric above, a throughput metric may also be formed, defined as the number of bytes within the data unit divided by the delivery time.  If the data unit is an HTTP page for example, this provides a metric similar to packet-call-throughput.  The distribution of this metric could be used or alternatively a mean or percentile value could be used.
It may also be useful to compare this throughput metric with and without DRX in operation.  For example, RelativeThroughputWithDRX could be the ratio of a throughput obtained by a UE under a DRX scheme and the throughput achievable without any DRX.  When a DRX scheme has very little impact on the throughput achievable, the metric will be near 1, whereas when the DRX scheme causes the eNB (or UE) to have to buffer data for longer, the metric will be a lower value.
5. Conclusion

The following metrics may be valuable in evaluating proposals under the Diverse Data Applications work item:

· ActiveTimeUtilisation
· PowerEfficiency
· RRC Transition Frequency
· ConnectedModeTime
· PUCCH Utilisation
· DataLatency
· Throughput
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