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Performance Metrics for Relay Evaluation Methodology 

Jerry Sydir, Alexander Maltsev, Andrey Pudeyev, 
Andrey Chervyakov, Vadim Sergeyev, Alexey Khoryaev, Alexei Davydov
Intel Corporation
Introduction
The relay evaluation methodology section which was included in the 16m EMD in session 57, indicates that a metric which measures the coverage/capacity tradeoff is of particular importance for relay. The definition of this metric for the case of relay was left for further study. The current EMD defines such a metric as does the 16j EVM. This contribution draws on the definitions from those two documents to specify the definition that should be used for relay in 16m.
Text Proposal
[Modify the text in section 14.8 of the 16m EMD as indicated below:]
14.8 Performance metrics

Most of the performance metrics proposed in section 13 can be applied to the relay case without any additions, since they are derived from the user data throughput (Section 13.2.1.1). The users are scheduled on a per-frame basis; the resources of each frame are distributed between access (BS-MS, RS-MS) and relay (BS-RS) links. The relay link overhead is automatically taken into account in a user data throughput metric since part of frame resources are given to a BS-RS link by the scheduler. Therefore, definition of the basic performance metrics, such as user throughput and sector throughput are the same as in section 13.
14.8.1 System performance metrics
14.8.1.1 Spectral efficiency and aggregate sector throughput

Spectral efficiency metrics and cell/sector throughput metrics should be considered in the sense of aggregate sector throughput going through the BS (including useful traffic from all RSs in the sector). 
Coverage/capacity tradeoff and latency metrics are specifically important for the relay performance analysis. Both metrics are covered by Section 13, but specific definition is required for relays. The 16j EVM [83] specifies a Combined Coverage and Capacity metric (section 4.2.1). This metric may be used as the basis for a coverage/capacity tradeoff metric for 16m relay. Details of how to apply this metric to 16m relay are left for further study. 

14.8.1.2 Combined Coverage and capacity index
The Combined Coverage and Capacity index (cc)  is the number of simultaneous users per sector that can be supported achieving a target information throughput Rmin with specified coverage reliability (x%, 95% by default). The definition of this metric is based on the “Combined Coverate and Capacity Index Metric, Method One” as specified in the 802.16j EVM in section 4.2.2. 
The metric is calculated individually within each zone of the frame structure and the individual values are summed as shown in the formula below. Assume that N MSs are dropped uniformly in the service area. For the MSs assigned to each zone, the simulator calculates the achievable data rate ri, based on the assigned MCS and available time-frequency resources within the zone. All MSs are sorted in descending order and only the top x% of the MSs are considered for further calculations. If k is the number of MSs that were selected for consideration, then Combined Coverage and Capacity index is:
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If min(ri) < Rmin, than cc = 0 and service with Rmin throughput cannot be provided with the required coverage, regardless the number of users.
For large N, coverage and capacity index cc approaches the expected value of the number of users that can be supported by the system for service requiring Rmin throughput with the given x% coverage.

14.8.2 Relay specific performance metrics

The described relay evaluation methodology requires introducing several associated performance metrics in addition those defined for non-relay case.

14.8.2.1 Distribution of the Relaying modes 

The access stations (BS and RS) within a sector may serve their MS using different relaying modes.  For example, transmissions to/from different access stations may be divided in time or frequency (referred to as division mode), or transmissions between several access stations and associated MSs may be performed using the same time/frequency slots (referred to as simultaneous mode). Several access stations can also share the same time/frequency resources to serve the same MS (referred to as cooperative mode). Other transmission modes are possible and may be defined in the SDD.
The Distribution of Relaying Modes metric is defined as the distribution of MSs, allocated resources and throughputs among the relaying modes supported by a proposed relay system. 

In a given deployment and interference environment, the maximum aggregate sector SE may be achieved by using some optimal combination of the relaying mode assignment to the MSs. The distribution of the relaying modes metrics may be used to measure the optimality of relay mode selection for a specific scheduling and mode assignment scheme.

14.8.2.2 Relay link overhead percentage
The Relay overhead is defined as the average number of additional slots required to transmit data from BS to RS for further distribution to MS associated with the RS relative to the total number of slots in a frame. Since the overhead is defined with respect to the time and frequency slots (not the amount of data), it reflects the efficiency of BS to RS links and takes into account possible spatial multiplexing of BS to different RS stations that may be exploited.
14.8.2.3 Relay link average SE

This metric characterizes the BS-RS link quality in terms of spectral efficiency. This is an important characteristic of the relay system and should be used for relay link overhead calculation, along with Relay link PER. Relay link average SE is measured in the same way as access link average SE as described in Section 13.
14.8.2.4 Relay link PER
Packet error rate for the BS-RS and RS-RS links defined as the ratio of the successfully received relay link packets to the total number of transmitted relay links packets. Relay link PER is measured in the same way as access link PER, as described in Section 13.
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