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1 Introduction

This contribution provides a performance comparison of two reference signal scenarios for the E-UTRA downlink. These scenarios essentially differ in the way the DL-pilots are multiplexed. In one scenario pilot signals emitted from different NodeBs are generated with different frequency hopping (FH) patterns. In the other scenario pilot signals from different NodeBs are assigned to the same set of subcarriers.
This contribution is an update of [1]. Modifications have been made to reflect the latest decisions on frequency blocksize and the TTI length. Furthermore, the non-hopping scenario that serves as reference case now employs GCL sequences [2] rather than pseudo-random pilot sequences. Results from a system simulation run show that, while both scenarios provide roughly the same user throughput distribution, cell edge users significantly benefit from the frequency hopping scenario. The 5%-tile user in the system increases its throughput by 43%. The total throughput of the 5% worst users increases by 78%. 
2 System simulations of the DL reference signal scenarios

Brief description of the evaluated scenarios
Figure 1 illustrates the two scenarios we have simulated. In both scenarios pilot symbols appear in the 1st and 5th OFDM symbols of each subframe and at each 6th subcarrier, according to [3]. A TTI covers two subframes and thus contains 4 OFDM symbols with pilots. In its three different cells (sectors) a NodeB employs CDM (by rotation, see [2]) to distinguish the NodeB-specific pilot sequence (sector-specific orthogonal sequences) [9].

Scenario 1. NodeB-specific frequency hopping. From one subframe to the next the frequency positions of the pseudo-random pilot symbols change according to a NodeB-specific hopping pattern (see [4]

 REF _Ref143326263 \r \h 
[5]

 REF _Ref143326264 \r \h 
[6]

 REF _Ref143326265 \r \h 
[7]).

Scenario 2. No frequency hopping. The NodeB-specific GCL pilot sequence is assigned to a fixed set of subcarriers (the same set for the whole network).
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Figure 1. Concept of NodeB-specific frequency hopping (scenario 1, left) and NodeB-specific GCL-sequences without frequency hopping (scenario 2, right).

Simulation assumptions

Users are randomly dropped in a hexagonal network of NodeBs (three cells (sectors) per NodeB), according to the simulation assumptions setup defined in [3]. The network is assumed synchronized and fully loaded (each subband is assigned to a user). Based on CQI reports from these users the NodeB applies each subframe a proportional-fair scheduling rule and assigns the 180 kHz subbands (12 subcarriers) in the system to the proper users. Also a proper modulation and coding scheme (MCS) is selected for each user. A detailed link simulator then runs this MCS in the channel conditions actual at the time. Throughput measures for thousands of users are stored. The embedded link simulator employs the reference signal generation as described above and, at the receiver side, employs a channel estimator. The reference signal is assigned 10% of the NodeB’s power and the data 90%. 

Table 2 in the Appendix shows the parameters used in the simulations. Note that we have evaluated Case 1 in Table A.2.1.1-1 of [3]. 
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Figure 2. User throughput distributions for simulation case 1 (500m intersite distance). All users (top), cell edge users (bottom). 
Simulations results

Figure 2 and Table 1 show the results. Figure 2 shows user throughput distributions obtained in the simulations for simulation case 1. The top plot shows the distribution of all users in the network, while the bottom plot shows the distribution of the low-end users (the lowest 5 percentile users).

Note first from the top plot that the two scenarios have roughly similar performance for the all-user measure in the upper plot. Differences in the distributions are small - for the FH scenario 1 the scheduler redistributes a small portion of the total throughput from high-end users to low-end users, because low-end users improve their SNR (the curves in the top plot, although very similar,  cross each other). The bottom plot shows that for cell-edge users the frequency-hopping reference signals provide significantly higher throughputs. Note that a typical cell-edge user (the 5%-tile user) experiences about 43% higher data-rates with frequency-hopping pilots than without frequency hopping and that the sum-throughput of the cell edge users increase by 78%. This is not only a result of a re-distribution of the total throughput - also the total sector throughput for all users increases. 
Table 1: Throughput values for the evaluated scenarios

	Total throughput
	Scenario 1
(NodeB-specific frequency hopping)
	Scenario 2
(NodeB-specific GCL sequence)

	sum all users
	15.6 Mbps
	+1.3%
	15.4 Mbps

	sum 5% cell-edge users
	1.6 Mbps
	+78%
	0.9 Mbps

	5%-tile user
	465 Kbps
	+43%
	325 Kbps


3 Conclusion
We show that NodeB-specific frequency-hopping of reference signals reduces the intercell interference and significantly improves cell-edge performance compared to no frequency hopping.
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Appendix A
Table 2: Simulation parameters

	Parameter description
	Value

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500 m

	Carrier frequency
	2.0 GHz

	Bandwidth
	10 MHz (50 subbands)

	Link mapping / metric


	Link-level embedded in system simulator

	Node B
	Total available power
	40 W

	
	Power assigned to pilot/data
	4 W / 36W 

	
	Number of TX antennas 
	1

	
	Antenna gain plus cable loss
	14 dBi

	
	Antenna pattern
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	Slow fading
	Standard deviation 
	8 dB

	
	
	Correlation between sites
	0.5

	
	Fast fading
	Typical urban 6-tap model, 3 km/h

	
	Penetration loss
	20 dB

	UE
	Thermal noise
	Power density -173.9 dBm/Hz in 10MHz

	
	UE noise figure
	9 dB

	
	Antenna pattern
	0 dBi

	
	Number of RX-antennas
	2 (RX diversity)

	
	Channel estimation
	MMSE freq-filter, time-average of 4 pilots in TTI interpolation

	
	H-ARQ processing
	Chase combining

	
	Turbo decoder
	Max-log MAP with up to 8 iterations

	H-ARQ
	Traffic model
	Full queue 

	
	Number of processes
	6

	
	Delay from CQI-report to 1st transmission
	3 TTIs (3 ms)

	
	Time between retransmissions
	6 TTIs (6 ms)

	
	Maximum number of transmissions
	1 initial transmission + 3 re-transmissions

	Scheduler
	Transport formats
	Any MCS with 0.1 < MODrate x CODrate < 4.5

	
	Traffic multiplexing, time
	TTI length 1 ms or 14 OFDM symbols

	
	User traffic multiplexing, frequency
	localized subbands, 12 subcarriers wide

	
	Scheduler
	Proportionally Fair in time and frequency


Fig. 1. Cumulative distribution of the SIR in Case 1, (defined as the power ratio of the strongest received sector and the power sum of all other sectors).
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