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1. Introduction
Contribution ‎[1] discussed the issue of receive diversity in LTE and the impact of single antenna operation on link and network performance, with emphasis on common control channel (P-BCH) and downlink shared channel (DL-SCH) reception for single and dual-antenna receiver configurations. 
This contribution provides further simulation results on LTE receiver performance as a function of a) the number of antennas available to the UE and b) the relative gain (efficiency) of the antennas. While emphasis is placed on broadcast channel (P-BCH) performance the impact of UE antenna performance on selected additional downlink channels is also reported.
2. Discussion
2.1. P-BCH Performance
‎[2] offers a detailed analysis of a candidate configuration of the P-BCH based on 4 self-decodable transport block transmissions, each transmitted during subframe zero at 10ms intervals, and embedded within a 40ms P-BCH TTI. Two options are assessed in outline form in that contribution – a frequency division multiplexed (FDM) approach, and a time division multiplexed (TDM) approach – but there is not a very significant difference in the performance of the two methods. Rather, performance is more impacted by the achievable code rate and transmission repetition factor of the P-BCH. Accordingly, the FDM mapping can be used to provide guidance on the performance impact of the 2nd antenna branch. Roughly the same performance is expected of the TDM mapping.
Figure 1 shows the difference in P-BCH link performance (using practical channel estimation) as a function of the number of equal gain, uncorrelated antennas available at the UE (1 or 2 antennas) for a specific instance of the FDM approach described in ‎[2] (the 3 RB allocation). Further details of the P-BCH link simulation assumptions appear in Table 1.


[image: image1.emf]Parameter Value

Bandwidth (MHz)

1.08 MHz

Number of Subcarriers

72

Channel Coding

64-State Rate 1/3 Tail-biting Convolutional Code

Number of Transmit Antennas

1

Number of Rececive Antennas

2

Channel Model

12 Ray TU Channel Model

Transmit Diversity Scheme

N/A

Channel Estimation

IFFT Method

Information Bit Payload

48 bits


Table 1 – Link simulation assumptions.
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Figure 1 – P-BCH link performance – 1 vs. 2 antennas.
It can be seen from Figure 1 that for the case of UE operating in relative high SINR conditions and able to decode the P-BCH from a single observation (i.e. repetition = 1), the difference in link performance is approximately 5dB at 1% P-BCH FER. 
It can be seen from Figure 1 for UE’s operating at relatively low SINR, and requiring 4 observations of the P-BCH to recover the P-BCH MIB, the difference in link performance at 1% FER is around 4.5dB. 
Similarly, ‎[1] shows a difference of 5dB between single and dual-antenna operation with uncorrelated antennas, for a slightly different P-BCH mapping.
In terms of P-BCH network outage, Figure 2
 shows the long-term SINR distribution for TR 25.814 Cases 1 and 3. For UE’s at the cell edge and exploiting repetition = 4, at 1% P-BCH FER the required Es/No at 1% FER is -6.0dB for dual antenna operation and -1.5dB for single antenna operation respectively. For Case 3 in Figure 2, these target SINR values correspond to outages of 2.5% and more than 20% respectively. A very significant improvement in P-BCH coverage therefore results from the use of the 2nd antenna.
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Figure 2 – Long Term C/I CDF for Case 3 and Case 1.
Figure 3 further shows performance as a function of antenna gain imbalance and correlation coefficient for the case of 4 P-BCH transmission observations. Antenna gain imbalances (AGI) of {3, 6} dB are plotted, for antenna correlation coefficients of {0.0, 0.5}.
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Figure 3 –  P-BCH link performance – effect of antenna gain
imbalance and correlation.
It can be seen from the figure that a 3dB antenna gain imbalance and 0.5 antenna correlation coefficient results a loss of link performance of 1.5dB, compared to a loss of performance of approximately 4.5dB when only a single antenna is available. Referring again to Figure 2, -4.5dB SINR corresponds to around 7% area outage for Case 3, while the outage at -1.5dB is in excess of 20%.
2.2. MBMS (PMCH)

Further insight into the impact of single- and dual-antenna UE operation can be obtained by studying the impact of the UE antenna subsystem performance on MBMS operation. In this case we study the impact of a dedicated MBMS carrier but similar conclusions would also be applicable for the mixed Unicast case which is a more typical scenario and deployment. Also in this case the number of antenna ports would be available to both services 
 Figure 3 shows the resulting relationship between achievable spectral efficiency and inter-site distance, according to the procedure identified during the April 2007 LTE reference performance evaluation process ‎[3].
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Figure 4 – MBMS spectral efficiency vs. inter-site distance.
In Figure 1, the common parameters applicable to TR 25.814 Cases 1 and 3 (i.e. 2GHz carrier frequency, 10MHz bandwidth, 20dB path loss, 3km/h UE velocity) were applied, using the 15kHz parameters listed in Table 2. 
A two ring hexagonal grid layout was simulated using spatially uncorrelated channels and 10MHz carrier bandwidth. UE’s were randomly dropped with uniform spatial probability density in all cells comprising the centre site and 1st ring of cell sites, and a UE was defined to be in outage if the simulated packet or frame erasure rate (FER) at a specific location was greater than 1%. 2-D MMSE practical channel estimation was applied. The MBSFN subframe symbol allocation to the PDCCH was set to zero OFDM symbols. UE impairments (SINR limitations, channel estimation, etc.) were included in the simulations, as were inter-subcarrier interference effects due to Doppler spreading. The overhead due to RS provisioning and the unoccupied portion of the offered bandwidth are taken into account in the computation of spectral efficiency.
[image: image6.emf]L1 Parameter Sets Units Extended CP 7.5kHz SubCarrier

Sampling Frequency

MHz

15.36 15.36

FFT Length 1024 2048

Sub-carrier separation

kHz

15 7.5

#Cyclic Prefix Length

samples

256 512

Cyclic Prefix Duration

us

16.67 33.33

# OFDM Symbols Per Slot

symbols

6 3

Symbol Duration

us

83.3 166.67

# Used Sub-carriers

sub-carriers

600 1200


Table 2 – MBMS simulation parameters.
It can be seen from Figure 3 that the availability of the 2nd UE antenna has a significant impact on the achievable spectral efficiency of the single frequency network. At an inter-site distance of 1000m, single antenna UE’s would support an area spectral efficiency of around 1.4bps/Hz, while the equal gain dual-antenna variant would support a spectral efficiency of around 2.3bps/Hz. Even for an antenna gain imbalance of 3dB, and an antenna correlation coefficient of 0.5, the achievable spectral efficiency is around 2.2bps/Hz, which again maintains a significant enhancement in performance over single antenna operation.
3. Conclusions
It can be seen that for the two downlink configurations assessed in this contribution – i.e. P-BCH reception, and MCH reception – that the presence of the second antenna at the UE has a significant impact on coverage and spectral efficiency. 
This is true even for cases where the efficiency of the secondary antenna is degraded by up to 6dB with respect to the primary antenna, and in the present of antenna correlation. Accordingly, it is proposed to base a core set of conducted performance requirements for LTE downlink operation on the basis of dual-port operation. The required antenna correlation coefficients and gain imbalances (if any) are FFS  in terms of future radiated antenna performance requirements for dual port operation.
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� � REF _Ref169084719 \h ��Figure 2� can be compared with Figure 1b of � REF _Ref169265020 \r \h ��‎[1]�. The results are similar,, although � REF _Ref169265020 \r \h ��‎[1]� applies a handover hysteresis margin which was not applied in � REF _Ref169084719 \h ��Figure 2�.
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System Simulation Assumptions

		

		Parameter		Value

		Center Frequency (GHz)		2

		Inter Site Distance (m)		500 (Case 2), 1732 (Case 3)

		Bandwidth (MHz)		5, 10, 20

		Penetration Loss (dB)		20

		Speed (km/hr)		3

		Cell Layout		Hexagonal grid, 19 cell sites, 3 sectors per site, Wrap around, minimum drop distance = 35 m

		Path Loss		UMTS 30.03 (with deltaH = 15 m), minimum = 70 dB

		Shadowing		UMTS 30.03 with standard deviation = 8dB

		BS transmit power		43dBm (20 W)

		Inter Site Shadowing Correlation		0.5

		Antenna Pattern		3dB Beam-width = 70degree; Antenna Front-to-back Ratio = 20dB

		Channel Model		PA, TU (Rays moved to the nearest sampling point)

		Intra-site Interference Modelling		Orthogonal

		Inter-site Interference Modelling		AWGN

		BS Transmitter		1 Antenna

		MS Receiver		1, 2 Antennas, Uncorrelated

		MS Noise Figure (dB)		9

		BS antenna gain (dBi)		14

		L3 filtering parameter k		7

		L1 measurement period (ms)		200

		Number of RS symbols per sub-frame per L1 measurement		4, 1

		Frame structure		General frame structure

		Cyclic prefix		Normal cyclic prefix

		Fading model		Zheng-Xiao model





P-BCH Code Rates

		Sym #		Code Rate

				Rep = 1				Rep = 2				Rep = 4

				1Tx		SFBC		1Tx		SFBC		1Tx		SFBC

		4,7		1/5		1/4		1/5		1/4		1/5		1/4

		4,7,8		1/8		1/7		1/8		1/7		1/8		1/7

		4,7,8,9		1/11		1/10		1/11		1/10		1/11		1/10

						4

						7

						10

						5

						8

						11

		RBs		Code Rate

				Rep = 1				Rep = 2				Rep = 4

				1Tx		SFBC		1Tx		SFBC		1Tx		SFBC

		0,2,5		1/12.75		1/12		1/12.75		1/12		1/12.75		1/12

		0,2,3,5		1/17		NA		1/17		NA		1/17		NA

				1/11		1/10		1/11		1/10		1/11		1/10





Link Simulation Assumptions

		

		Parameter		Value

		Bandwidth (MHz)		1.08 MHz

		Number of Subcarriers		72

		Channel Coding		64-State Rate 1/3 Tail-biting Convolutional Code

		Number of Transmit Antennas		1

		Number of Rececive Antennas		2

		Channel Model		12 Ray TU Channel Model

		Transmit Diversity Scheme		N/A

		Channel Estimation		IFFT Method

		Information Bit Payload		48 bits






