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11. Definition of Performance Metrics

Performance metrics may be classified as single-user performance metrics or multi-user performance metrics.
11.1. Single User Performance Metrics

11.1.1. Link Budget and Coverage Range (Noise Limited) – single-cell consideration

Link budget evaluation is a well known method for initial system planning that needs to be carried out for BS to MS links. Although a link budget can be calculated separately for each link, it is the combination of the links that determines the performance of the system as a whole.  Using the margins in the link budget, the expected signal to noise ratio can be evaluated at given distances. Using these results, the noise limited range can be evaluated for the system. 

Coverage range is defined as the maximum radial distance to meet a certain percentage of area coverage (x%) with a signal to noise ratio above a certain threshold (target SINR) over y% of time, assuming no interference signals are present. It is proposed that x be 99 and y be 95. 

11.1.2. Multi-User Performance Metrics

Although a user may be covered for a certain percentage area (e.g. 99%) for a given service, when multiple users are in a sector/BS, the resources (time, frequency, power) are to be shared among the users. It can be expected that a user’s average data rate may be reduced by a factor of N when there are N active users (assuming resources are equally shared and no multi-user diversity gain), compared to a single user rate.

11.2. Definitions of Performance Metrics

It is assumed that simulation statistics are collected from sectors belonging to the test cell(s) of the 19-cell deployment scenario. Collected statistics will be traffic-type (thus traffic mix) dependent.

In this section, we provide a definition for various metrics collected in simulation runs. For a simulation run, we assume:

1] Simulation time per drop = Tsim
2] Number of simulation drops = D

3] Total number of users in sector(s) of interest= Nsub
4] Number of packet calls for user u = pu
5] Number of packets in ith packet call = qi,u
11.2.1. Throughput Performance Metrics

For evaluating downlink (uplink) throughput, only packets on the downlink (uplink) are considered in the calculations. Downlink and uplink throughputs are denoted by upper case DL and UL respectively (example:
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The throughput shall take into account all layer 1 and layer 2 overheads.  
11.2.1.1. Average Data Throughput for User u 

The data throughput of a user is defined as the ratio of the number of information bits that the user successfully received divided by the amount of the total simulation time. If user u has 
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 packets for the ith downlink (uplink) packet call, and bj,i,u bits for the jth packet; then the average user throughput for user u is 
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11.2.1.2. Average Per-User Data Throughput
The average per-user data throughput is defined as the sum of the average data throughput of each user in the system as defined in Section 11.2.1.1, divided by the total number of users in the system.

11.2.1.3. Sector Data Throughput

Assuming 
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11.2.1.4. Cell Edge User Throughput 

The cell edge user throughput is defined as the 5th percentile point of the CDF of user throughput.

11.2.2. Performance Metrics for Delay Sensitive Applications

For evaluating downlink (uplink) delay, only packets on the downlink (uplink) are considered in the calculations. Downlink and uplink delays are denoted by upper case DL and UL respectively (example:
[image: image10.wmf]DL

u

D

,
[image: image11.wmf]UL

u

D

) . 

11.2.2.1. Packet Delay

Assuming the jth packet of the ith packet call destined for user u arrives at the BS (SS) at time 
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 and is delivered to the MS (BS) MAC-SAP at time 
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Packets that are dropped or erased may or may not be included in the analysis of packet delays depending on the traffic model specifications. For example, in modeling traffic from delay sensitive applications, packets may be dropped if packet transmissions are not completed within a specified delay bound. The impact of such dropped packets can be captured in the packet loss rate. 

11.2.2.2. The CDF of packet delay per user

CDF of the packet delay per user provides a basis in which maximum latency, x%-tile, average latency as well as jitter can be derived.

11.2.2.3. X%-tile Packet delay per user

The x%-tile packet delay is simply the packet delay value for which x% of packets have delay below this value.

11.2.2.4. The CDF of X%-tile Packet Delays

The CDF of x%-tiles of packet latencies is used in determining the y%-tile latency of the x%-tile per user packet delays.

11.2.2.5. The Y%-tile of X%-tile Packet Delays 

The y%-tile is the latency number in which y% of per user x%-tile packet latencies are below this number. This latency number can be used as a measure of latency performance for delay sensitive traffic. A possible criteria for VoIP, for example, is that the 97th %-tile of the 97%-tile of packet latencies per user is 50ms.

11.2.2.6. Packet Loss Ratio

The packet loss ratio per user is defined as
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11.2.3. System Level Metrics for Unicast Transmission

11.2.3.1. Spectral Efficiency 
Spectral efficiency should represent the system throughput measured at the interface from the MAC layer to the upper layers, thus including both physical layer and MAC protocol overhead. 

The average cell/sector spectral efficiency is defined as
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Where R is the aggregate cell/sector throughput, BWeff is the effective channel bandwidth. The effective channel bandwidth is defined as
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where BW is the used channel bandwidth, and TR is time ratio of the link. For example, for FDD system TR is 1, and for TDD system with DL:UL=2:1, TR is 2/3 for DL and 1/3 for UL, respectively.

11.2.3.2. Application Capacity 

Application capacity (Capp) is defined as the maximum number of application users that the system can support without exceeding the maximum allowed outage probability.

11.2.3.3. System Outage

System outage is defined as when the number of users experiencing outage exceeds 3% of the total number of users. The user outage criterion is defined based on the application of interest .

11.3. Fairness Criteria

It may be an objective to have uniform service coverage resulting in a fair service offering for best effort traffic. A measure of fairness under the best effort assumption is important in assessing how well the system solutions perform.

The fairness is evaluated by determining the normalized cumulative distribution function (CDF) of the per user throughput. The CDF is to be tested against a predetermined fairness criterion under several specified traffic conditions.  The same scheduling algorithm shall be used for all simulation runs.  That is, the scheduling algorithm is not to be optimized for runs with different traffic mixes.  The scheduling algorithm should to be specified.  

11.3.1. Moderately Fair Solution

The CDF of the normalized throughputs with respect to the average user throughput for all users is determined.  This CDF shall lie to the right of the curve given by the three points in Table 45.

	Normalized Throughput w.r.t average user throughput
	CDF

	0.1
	0.1

	0.2
	0.2

	0.5
	0.5


Table 45: Moderately Fair Criterion CDF
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