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1. Introduction

In [2] PDCCH link performance was given for realistic channel estimation based on the IDFT Bayesian approach and [1] showed that the RS format could be modified so that a second reference symbol (RS) could be created for Antenna 1 and Antenna 2 in the control region.  In Kobe (May 2007) [3] it was agreed that a modified RS format for the 1 TX antenna eNB case would be accepted using puncturing such that the TX Antenna 2 RS locations in the first OFDM symbol would be punctured instead of being occupied by control resource elements (REs) thus effectively creating a 2nd RS. In this paper we present the system benefit for the 2x2 case (eNB has 2 TX antennas) by operating with 2 RSs compared to 1 RS.  In the 2x2 case it is not possible to puncture Tx Antenna 3 and 4 RS locations in OFDM symbol 2 to provide a power boost for Tx Antenna 1 and 2 in OFDM symbol 1 when PCFICH state indicates a control region size of 2 or 3 OFDM symbols (n=2 or 3).  In this case it is proposed to occupy TX Antenna 3 and 4 RS locations with Tx Antenna 1 and 2 RSs to improve PDCCH performance.

2. System Performance Results for 2x2 case with 1 or 2 RS
In this study we look at 2x2 system performance for deployment case 3 and a MRC UE receiver assuming 1 or  2 RSs are available for channel estimation for a 6-ray TU channel model. The EESM link error prediction model used in the system simulation includes a channel estimation model based on an IDFT Bayesian approach (see also [2]).  This allows channel estimation to be modeled in a system simulation context where the number of RSs can be varied independently for the PDSCH and PDCCH.
System performance results given in Table 1 show a degradation for 1 RS versus 2 RS due to channel estimation.  In this case we have assumed the same number of CCEs for both the 1 RS and 2 RS cases even though the total number of CCEs available would be reduced by 5 CCEs (see Figure 1).  Accounting for the 5 CCE loss from creating the additional RS in the control region would mean performance degradation for 2 RS relative to 1RS.  For a higher Doppler channels and high SNR a larger benefit is expected from a 2nd RS as indicated by the control channel mean square error (MSE) tables in Annex A but high SNR is not expected or required for normal PDCCH operation.
Table 1 – System Throughput with 1 or 2 DRS for Case 3, 10MHz Carrier, 6-ray TU
	RX type, #RS, speed
	T-put (Kbps)
	Cell Edge (Kbps)

	 for MCS12348

	sector
	5%-ile
	2%-ile

	MRC, #RS=2, 3kph
	15558
	417
	303

	MRC, #RS=1, 3kph
	15524
	419
	298

	MRC, #RS=1, 120kph
	8082
	174
	

	MRC, #RS=2, 120kph
	8165
	178
	


* Same number of CCEs assumed for both #RS=1 and #RS=2 cases
** Scheduling of UEs delayed if reported CQI <-4dB

3. Conclusion

Results show almost no significant system performance benefit from a 2nd RS for PDCCH channel estimation for 2x2 operation with deployment Case 3 for 6-ray TU channel. A performance loss would then be expected from the CCE reduction (5 CCEs for 10MHz n=2 case) caused by a 2nd RS in the control region.  For higher Doppler and high SNR a larger benefit is expected from a 2nd RS because of the large reduction in channel estimation MSE relative to only 1 RS but high SNR is not expected or required for normal PDCCH operation.
The results were obtained for full buffer best effort traffic where the scheduler does not schedule a user until its reported CQI > -4dB (corresponding to SNR needed to achieve 1% BLER for 8 CCE PDCCH -- see Figure 2).  
For other traffic types where delay cannot be tolerated due to QoS there may be a benefit to having the 2nd RS since most of the benefit from the 2nd RS is achieved for SNR < -2dB [1][2] but likely power boosting would be needed for the 8 CCE PDCCH.

Finally the TU 6-ray results for 1 RS indicate the area coverage reliability for a 8 CCE PDCCH without power boosting is about 93% based on Figure 3 given the -4.3 dB Es/No requirement from Figure 2.
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Figure 1 – Total CCEs drop from 19 to 14 if RS occupy 4 vs 2 TX Antenna locations for n=2
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Figure 2.  CCH performance – 5 MHz Carrier, N=46 bits, CCE size of 36 REs, TU 3 km/h, 2Tx-2Rx (SFBC), non-ideal channel estimation, tail-biting convolutional code (R=1/3, K=7).
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Figure 3 – SNR CDF for deployment Case 3 (1732m, 20dB Penetration Loss, 5MHz, 20 Watts)
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Figure 4 – Control Channel (PDCCH) Error Rate for TU 3km/h channel model, Case 3
ANNEX A

Empirical Tables for IDFT Channel Estimator

Channel Estimation for Control Channel Based on 1 RS

	SNR = 
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	-7
	0.12
	0.12
	0.12

	-5
	0.13
	0.14
	0.14

	0
	0.2
	0.22
	0.23

	5
	0.3
	0.31
	0.34

	10
	0.42
	0.46
	0.57

	15
	0.58
	0.67
	1.01

	20
	0.71
	0.96
	2.11

	25
	0.85
	1.67
	5.3

	30
	1.02
	3.6
	15.0


b
The channel on the first OFDM symbol obtained by 1D approach is applied to all the three symbols in the control channel. No time processing is applied.

Channel Estimation for Control Channel  Based on 2 RS

	SNR = 
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	-7
	0.12
	0.12
	0.12

	-5
	0.13
	0.14
	0.14

	0
	0.17
	0.18
	0.19

	5
	0.21
	0.22
	0.24

	10
	0.26
	0.28
	0.32

	15
	0.38
	0.43
	0.46

	20
	0.39
	0.49
	0.52

	25
	0.47
	0.62
	0.66

	30
	0.61
	0.79
	0.86


The channel estimation is based on OFDM symbols 0 and 4 in a slot, for control channel symbols 0,1 and 2. A Doppler dependent time filter is applied after 1D processing.





























































































































































































































































� Given a control channel message size, each aggregation size corresponds to a different effective code rate.  A different aggregation set represents a different modulation and coding set (MCS) for the conntrol channel.  Thus in the following notation MCS1,2,3,4,8 (MCS12348) is used to indicate using CCE aggregation set of 1,2,3,4,8.
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