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1
Introduction
It is stated in [1] that LTE-Advanced will support wider bandwidth (up to 100 MHz) than LTE Rel-8. Carrier aggregation is considered as a superior approach to defining new bandwidth modes in fulfilling this requirement. This is because it does not require extensive changes to the LTE physical layer structure, provides for bandwidth scalability and maintains backwards compatibility [2][3]. In RAN4, the complexity and cost analysis for UEs supporting bandwidth beyond 20MHz is currently being performed. On the other hand, the system level performance improvement by UEs supporting a larger bandwidth should also be studied to justify their usage, apart from the fact that they can support a higher peak data rate. This contribution addresses aspects related to the evaluation methodology of carrier aggregation in LTE-A system. In particular, we suggest evaluating the downlink and uplink performance gain of carrier aggregation, relative to the simple approach of deploying multiple independent carriers on the eNodeB.
2
Discussion

This section discusses the different aspects relevant to carrier aggregation related evaluations. In summary:

· Comparison baseline and scenarios 
· Spectrum configurations
· Baseline System Configuration
· Traffic models
· Performance metrics

2.1
Comparison baseline and scenarios

In order to quantify the performance gain of carrier aggregation, we propose to compare the following different approaches in fulfilling the wide bandwidth requirement in LTE-A. The performance evaluation should be done for both the downlink and the uplink.
· Independent carrier (IC)
This is the most straightforward approach for the eNodeB to support multiple carriers. The different carriers on the same eNodeB operate independently without cooperation with each other. No change for the UEs is required, i.e., the UE can receive data only on one of the carrier frequencies at a time and moving UEs across carriers is a slow procedure. When a new UE arises, the eNodeB assigns a suitable carrier frequency to it according to different criteria, e.g., load balancing etc. The UE stays in the allocated carrier frequency for a relatively long period of time until intra-frequency handover is performed.

· Carrier aggregation (CA)
Different from the independent carrier approach, carrier aggregation allows the eNodeB to use the different carriers flexibly. A UE can simultaneously access multiple carriers and no intra-frequency handover is required. The resource blocks on all the component carriers are allocated to the UEs as one large resource pool. The UEs can be scheduled to its best resources irrespective of whether these resources are within the same one or multiple component carrier(s) or not.
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Fig. 1 (a) Independent Carrier; (b) Carrier Aggregation
The system-level performance of Independent Carrier approach is impacted due to both less frequency-selective scheduling gain and trunking efficiency. The loss in trunking efficiency is because of the delay in switching a UE from one component carrier to another, which may cause some component carriers standing idle or partially utilised, while there are still data waiting to be transmitted on other component carriers. The exact amount of performance loss depends on the length of the switching delay period.
Proposal: Quantify the performance gain of carrier aggregation over independent carrier approaches in both downlink and uplink.
2.2
Spectrum configuration
Both contiguous and non-contiguous spectrum should be supported in carrier aggregation, although non-contiguous spectrum poses more challenge for UE complexity. Non-contiguous spectrum can be further divided into single band or multiple bands. The bandwidth of a single carrier should be compatible with LTE Rel-8 supported bandwidth, e.g., 5MHz, 10MHz, 20MHz, etc. The scenarios currently agreed for ITU can be a good start as the simulation settings for performance evaluation [4], as shown in Table 1. However, other possible scenarios should not be excluded. 
Proposal: The scenarios currently agreed for ITU can be a good start as the simulation settings for performance evaluation. However, other possible scenarios should not be excluded.
Table 1 Carrier aggregation scenarios for ITU

	Scenario No.
	Deployment Scenario
	Transmission BWs of LTE-A carriers
	No of LTE-A component carriers
	Bands for LTE-A carriers
	Duplex modes

	1
	Single-band contiguous spec. alloc. @ 3.5GHz band for FDD
	UL: 40 MHz

DL: 80 MHz
	UL: Contiguous 2x20 MHz CCs

DL: Contiguous 4x20 MHz CCs
	3.5 GHz band
	FDD

	2
	Single-band contiguous  spec. alloc. @ Band 40 for TDD
	100 MHz
	Contiguous 5x20 MHz CCs
	Band 40 (2.3 GHz)
	TDD

	7
	Multi-band non-contiguous  spec. alloc. @ Band 1, 3 and 7 for FDD
	UL: 40 MHz

DL: 40 MHz
	UL/DL: Non-contiguous 10 MHz CC@Band 1 + 10 MHz CC@Band 3 + 20 MHz CC@Band 7
	Band 3 (1.8 GHz)
Band 1 (2.1 GHz)
Band 7 (2.6 GHz)
	FDD

	10
	Multi-band non-contiguous  spec. alloc. @ Band 39, 34, and 40 for TDD
	90 MHz
	Non-contiguous 2x20 + 10 + 2x20 MHz CCs
	Band 39 (1.8GHz)
Band 34 (2.1GHz)
Band 40 (2.3GHz)
	TDD


2.3
Baseline System Configuration

Carrier aggregation offers a wider bandwidth than 20 MHz, hence a larger frequency diversity. This can be exploited using for example frequency-selective scheduling. However, there are also different diversity sources available in LTE, like spatial diversity (different MIMO modes) and temporal diversity (coding and H-ARQ). It is known that the gains of diversity diminish with the increasing number of diversity sources. Therefore, the evaluation of gains of spectrum aggregation should reflect a typical system configuration with its available diversity sources. 

It is proposed to use 2x2 MIMO system with 20 MHz bandwidth as a baseline system configuration, although other bandwidth configurations and transmission modes are not excluded.
The transmit power is limited in the uplink due to power amplifier back-off and regulatory requirements. The investigation should assume the same average transmit power (23 dBm) regardless what bandwidth is used. 

Proposal: Use a 2x2 MIMO system with 20 MHz bandwidth as a baseline system configuration.
2.4
Traffic models

Full buffer traffic model is widely adopted in LTE evaluations. However, other more realistic traffic models, e.g., HTTP, FTP, VoIP and streaming should also be considered, especially for the evaluation of trunking gain, which can not be obtained by Full buffer model. The FTP and HTTP traffic models defined in [5] is quite complex, which typically requires very long simulation time to have reliable results. Therefore, the simplified traffic models for elastic traffic [6][7], e.g., HTTP and FTP, should be considered, and whether to use one or multiple simplified traffic models should be decided.
Proposal: Simplified traffic models for elastic traffic should be included in performance evaluation, and whether to use one or multiple simplified traffic models should be decided.
2.5
Performance Metrics

Full Buffer

The following performance metrics should be obtained:

· Sector throughput at different number of users

· Normalized and un-normalized user data rate distribution (CDF)

· User data rate gain at different user data rate percentiles. This metric can demonstrate the difference in performance enhancement for cell center and edge users
· Average user throughput as a function of average sector throughput.

Elastic Traffic

The following performance metrics should be obtained for elastic traffic:
· Average user throughput and delay at different traffic load (user number or user arrival rate)
· Total system throughput
· User throughput and delay distribution (CDF)
The above performance metrics should be compared in two ways:
Method 1: At the same traffic load, compare the user delay and throughput of CA and IC.
Method 2: At the same mean delay/throughput (or delay/throughput of 90% satisfied users), compare the supported traffic load of CA and IC.
Proposal: The set of performance metrics corresponding to each traffic model should be agreed upon.
3
Conclusion

This contribution has raised several points in the evaluation methodology of carrier aggregation. 
· Quantify the performance gain of carrier aggregation over independent carrier approaches in both downlink and uplink.;

· The scenarios currently agreed for ITU can be a good start as the simulation settings for performance evaluation. However, other possible scenarios should not be excluded;

· Use a 2x2 MIMO system with 20 MHz bandwidth as a baseline system configuration;
· Simplified traffic models for elastic traffic should be included in performance evaluation, and whether to use one or multiple simplified traffic models should be decided;
· The set of performance metrics corresponding to each traffic model should be agreed upon.

We recommend that the above points should be discussed and a set of meaningful scenarios should be agreed on for the performance evaluation of carrier aggregation. 
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