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1 Introduction

The remaining uncertainty about the potential deployment of cell-specific frequency hopped (FH) DL RS is its impact on the realistic DL CQI estimation, and ultimately the impact on cell and user throughput. 
The potential uncertainty comes from a possibly more pronounced instantaneous variability of the interference power in the signal-to-interference estimates at the UE calculated in the allocated DL resource blocks (RB), when the DL RSs both have higher power than data and have variable position in frequency in different subframes of a frame. In case of fixed or cell-specific frequency shifted (FS) DL RSs, the inter-cell pilot-to-data interference in an observed allocated DL resource block can vary only due to fading propagation from the interfering cells to the UE, but not due to the variable number of power-boosted interfering DL RSs in the observed resource block over different subframes.
For the purpose of investigating the impact of power boosted frequency hopped or shifted RS on the DL CQI, and ultimately the impact on cell and user throughput, system simulations with realistic CQI estimation and CQI delay have been performed. Obtained results are presented in this contribution.
In Section 2 we describe the CQI estimation performed at the UE and the corresponding MCS selection at the NodeB. In Section 3 we present simulation results.
2 CQI estimation and MCS selection
We define the CQI as the signal to interference plus noise power ratio.
The DL RSs with FH or FS are used for realistic channel and CQI estimation. The realistic channel estimates are used to calculate the received power from the “own” eNB. The instantaneous interference signal on each received DL RS is estimated by subtracting from the received signal an estimated DL RS symbol obtained using the corresponding estimated channel coefficient and known transmitted DL RS power. 
The instantaneous interference signal is used to obtain an unbiased estimate of the interference variance, and this variance were averaged over each group of two RBs (RBG) and over multiple TTI’s, to reduce the estimation error and the impact of interference variation. Further details of the CQI estimation are given in Appendix I. Furthermore, a CQI delay of three TTIs is used in the simulations, which is the delay from the CQI report is generated to the first transmission.
The CQIs of all RBGs are reported to the NodeB and used by the scheduler. After scheduling, the CQIs for the selected RBs are adjusted by a constant to compensate for the realistic channel estimation and CQI estimation errors. Then an effective SINR calculation is performed per scheduled UE and the corresponding MCS is obtained from an MCS table using the effective SINR. The MCS table was obtained off-line by an AWGN link simulator to find the SNR that reach the target BLER as a function of the number of scheduled RBs and the number of information bits per RB.
3 Simulation results
The simulator settings are described in Appendix II. The frequency hopping and frequency shifting cases of DL RS are compared in the simulations. The throughput results are shown in Fig. 1, while the fairness evaluations
 are shown in Fig. 2.
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Fig. 1. Cell throughput and cell edge user throughput for 2,5 and 10 UEs/cell. TU channel, 3 km/h. Realistic channel estimation and realistic CQI estimation. 
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Fig. 2. Fairness curves for 10 UEs/cell. TU channel, 3 km/h. Proportional fair scheduler.
The cell throughput using frequency hopping DL RS is about 0.5 Mbps larger than the throughput using frequency shifting DL RS, for loads in the range 2-10 UEs/cell.  Fig. 2 shows that the fairness curves are the same for frequency hopping and shifting, i.e. the corresponding throughput curves are compared fairly. 
The results for 10 UEs/cell and frequency hopping DL RS correspond to a spectrum efficiency of 2.0 bps/Hz/cell and 0.04 bps/Hz user throughputs at the cell edge. Note that these results were obtained with RS overhead only, without considering the control channel overhead. These numbers should therefore be reduced by multiplying with 11/14 (worst case) to get approximate results with control channel overhead. 
To validate conclusions drawn from the results provided in this contribution, comparisons of absolute values with similar evaluations made by other companies is necessary. In [1], system evaluation results for 2x2 SU-MIMO were given and the average spectral efficiency was 1.69 bps/Hz/cell and cell edge throughput 0.05 bps/Hz. The cell edge throughput is lower in the presented results in this contribution, however transmit diversity was not used and would improve the cell edge performance. In addition, interference suppression receivers were used by several companies when obtaining the values in [1]. It can thus be concluded that the results in Fig. 1 are in line with those of [1] and the schedulers are equally fair and meet the fairness critera, see Fig. 2.   
4 Conclusion

It can be concluded that with realistic CQI estimation and channel estimation, there is a clear benefit of using cell-specific frequency hopping DL RS over cell-specific frequency shifting DL RS.  Therefore we suggest that RAN1 select frequency-hopped DL RS as the only mapping mode of DL RS in E-UTRA. 
5 References

[1] R1-072444, “Summary of Downlink Performance Evaluation”, Ericsson, RAN1#49, Kobe May 2007.
6 Appendix I
Here follows a detailed description of the realistic SINR estimation algorithm used for calculating the CQI for one RB. The SINR is expressed as
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where 
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the estimated received signal variance from the UEs “own” eNB and 
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 is the estimated received interference variance. The estimation of these variances will be made using the DL RS.
Label the resource elements (RE) in one RB by the index 
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. The received signal on RE 
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 can then be written separated in a desired part and an interfering part as
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where the interference plus noise term for RE 
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In (2) and (3), 
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 denotes  the channel, signal and transmitted power respectively from eNB 
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 is the receiver noise. Furthermore, 
[image: image16.wmf]1

=

k

 denote the index of the “desired” eNB.
The variance of the numerator 
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 in (1) is obtained as the average squared magnitude of the channel estimates 
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where 
[image: image20.wmf]RS

I

 is the set of RE indices 
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 for the DL RS transmitted from the “own” eNB and 
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 is the transmitted power on the data symbols. Note that the set 
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 is different in own and interfering eNB due to shifting or hopping DL RS. 
The variance of the denominator 
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 on each RS by subtracting from the received signal 
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the part which comes from “own” eNB
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where 
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 is the transmitted power on the RS. The unbiased variance of 
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Finally, the estimated SINR for the data symbols in one RB is obtained by combining (4) and (6)
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Appendix II

Table 1 Simulator settings

	Parameter description
	Value

	Cellular Layout
	Hexagonal grid, 19 Node Bs, 3 cells per Node Bs

	Inter-site distance
	500 m

	Carrier frequency
	2.0 GHz

	Bandwidth
	10 MHz (50 sub-bands)

	Link mapping / metric


	Link-level embedded in system simulator

	PDCCH overhead
	Not considered

	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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	Propagation
	Path loss
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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, MRC)

	
	Channel estimation
	Realistic 

	
	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
	MCS in the range 0.2 < MODrate x CODrate < 4.7 with 27 levels

	
	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

	
	MCS table
	Function of CQI and number of RB (up to 50 RB)

	
	Effective SINR mapping function to concatenate CQI from different RBs
	Exponential (EESM)

	CQI
	BLER target
	10 %



	
	CQI estimation
	Realistic coherent CQI estimation

	
	Number of TTIs for averaging interference variance estimate
	Sliding window of 10 TTIs

	
	Number of RBs for averaging interference variance estimate
	2 RB

	
	CQI report granularity
	2 RB


































































































� Fairness is defined as the CDF of the user throughput normalized with the average user throughput.
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