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1. Introduction

Open loop transmit diversity was extensively discussed in the RAN1 Tallinn meeting. It was agreed that further evaluations specifically for common control channels others than SCH would be needed taking realistic intercell interference, channel estimation as well as correlated channels into account [1].
In this contribution, we present simulation results on the performance of different open loop TX dicersity schemes for Common Control Channels according to the agreed simulation assumptions specified in [1]. 

2. Realistic interference and interference suppression modeling
In order to compare different open loop transmit diversity schemes in their ability to provide transmit diversity gain, as well as their compatibility with receivers suppressing intercell interference [2], realistic intercell interference modelling and interference suppression modelling in the terminal receiver is crucial and has been required in [1].

System level simulations model realistically the intercell interference, but it is hard to take the real interference suppression capabilities as well as effects of intercell interference and channel estimation accuracy into account. In link level investigations, realistic interference and channel estimation can be easily simulated but traditionally the intercell interference modelling is not too realistic. 
In this contribution, we combined the advantages of both tools in order to provide a realistic performance of different open loop TX diversity schemes including their interference suppression compatibility. A system level simulator is used to provide realistic statistics related to the number of strongest interfering cells, as well as their relative strength. These statistics are then utilized in the link level simulator and combined with real channel and interference estimation to create the performance evaluation presented in this paper. In the following section we describe the system level modelling and the extracted interference statistics before showing the simulations results in Section 4.

3. Realistic intercell interference modeling
We used a system level simulator in order to create inferference statistics. In [1], it has been required to achieve a low (1%) target block error rate (BLER) throughout the cell. As a consequence, the special interest in the investigations is to consider the users in the worst situation and to quantify how different open loop TX diversity schemes and interference aware receivers would work for them. 
The considered system simulation setup is Case 1 in [3] which is listed again as part of Table A.2.1.1-1.
Table A.2.1.1-1 – UTRA and EUTRA simulation case minimum set.

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3

	2
	2.0
	500
	10
	10
	30

	3
	2.0
	1732
	10
	20
	3

	4
	0.9
	1000
	1.25
	10
	3


Let us first study the amount of interference produced by the strongest interferers when compared to the total interference plus noise. A natural measure for this quantity is the so-called Dominant Cumulative Interference plus Noise Ratio (DCINR)
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In this equation, the K interfering cells are assumed to be in ascending order of their interference powers. Therefore, the DCINR quantifies the share in total interference plus noise that the L-th strongest interferers plus receiver noise represent. The DCINR(L) values (L=1,2,…,10) over all users in the cell and the 5% worst user population are shown in Figure 1.
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Figure 1:   Distribution of the DCINR within the cell considering the whole user 
population (a) or the 5% worst users in sense of user throughput (b). 
Considering the whole cell in Figure 1a, the strongest interferer heavily dominates the interference distribution. For the 5% worst user population in sense of throughput, there are much more interferers present that strongly contribute to the total noise plus interference. This is even more clearly highlighted, when plotting the number L of strongest interfering cells that contribute to gather more than 90% of the total interference plus noise (i.e. DCINR(L)>90% ) in Figure 2.
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Figure 2:  Number L of strongest interfering cells that contribute more than 90% to the total interference plus noise power (DCINR(L)>90%).
As can be seen in Fig. 2, there is a single dominant interferer present close to the base station (namely the neighboring cell/”sector”). Further away from the eNodeB, where most of the worst case users are allocated, a much bigger number of users contributes significantly to the total interference plus noise power at the terminals position.Therefore, one could in principle argue that a very large number of users should be modelled. However, with an increasing number of interfering signals the interference becomes more noise like. We decided to model 2 directionaly interfering cells in our link level simulations corresponding to an average 50% of the total energy of the worst case users extracted from Fig. 1b.
Let us next investigate how to model the dominance of the two strongest interferers. As a measure for this case, we use the dominant interference ratio for the two strongest interferers
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to collect the statistics for them. In Figure 3, the distributions of the DIR within the cell area of the two strongest interferers are illustrated.
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Figure 3:  Spatial distribution of the dominant interference ratio (DIR) of the 
strongest interferer (a) and 2nd strongest interferer (b).
Close to the base station the two strongest interferers are rather dominant shown (high dominnat interference ratios) whereas in the coverage areas smaller DIR values are more common. This is more clearly visible, when plotting the probability distribution function (pdf) of the DIR for the two strongest interferers for the whole user population as well as the 5% worst case users in the cell in Figures 4a and 4b, respectively.
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Figure 4:  Probability distribution function (pdf) of the dominant interference ratio (DIR) of the 
strongest interferer and 2nd strongest interferer for the whole user populatin (a) and the 5% worst case users (b).

These distributions show clearly the effect of the user population on the distribution of the dominant interference ratio. For the 5% worst case users in the system, the mean DIR is smaller and the distribution is much narrower. In order to model the distribution correctly, we fitted the DIR distribution for the 5% worst users (95% coverage) with two normal distributions

[image: image11.wmf])

72

.

2

,

5

.

4

(

~

2

2

1

dB

dB

N

DIR

=

-

=

s

m



[image: image12.wmf])

69

.

1

,

5

.

6

(

~

2

2

2

dB

dB

N

DIR

=

-

=

s

m

.
Note that these dominant interference ratios are much lower as those assumed in previous contributions (e.g. [2]), where the target user population has not been the 5% worst users. The nice fit of these approximated DIR distributions for the 5% worst users with those extracted from the simulator is given in Figure 5. 
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Figure 5:  Probability distribution functions (pdf) of the dominant interference ratio (DIR) of the strongest interferer and 2nd strongest interferer and their approximations by normal/gaussian distributions for the 5% worst case users.
Using these approximations, two directional interfering cells are modeled in our link level simulations and the other interferering cells are simply modeled as Gaussian noise. 

4. OL TX diversity performance for common control channels
After discussing realistic intercell interference modelling in detail, we are now ready to investigate the performance of open loop transmit diversity techniques for common control channels. 
The basic simulation assumptions are summarized in Table 1:

	OFDM parameters
	According to [3], 10MHz case (600+1 subcarriers, FFT size of 1024)

	Control Channel multiplexing
	TDM, one full symbol

	Antenna setup
	1x2, 2x2 and 4x2

	Channel model
	SCM Urban Macro (d=4(), Typical Urban

	UE speed
	v=3km/h

	Multi-antenna transmission
	1x2: single antenna transmission
2x2 SFBC (Alamouti), CDD (D=64) and FSTD
4x2: CDD (D=64), FSTD, SFBC-FSTD and SFBC-CDD (D=64)

	Multi-antenna receiver
	MRC & IRC based 2RX receiver

	Channel estimation
	Real, based on FDM antenna specific pilots

	Interference modeling
	As explained in the previous section: 2 modeled directional interferers: 
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	Interference estimation
	Non-ideal, as described below

	Modulation and Coding
	QPSK, R=1/3 CC tailbit coding


Table 1: Link level simulation assumptions for control channel TX diversity investigations

The control channel is TDM multiplexed with the shared data inside the TTI and occupies a full OFDM symbol. The R=1/3 tail-biting convolutional code was used with constraint length L = 9 and polynomial description {557, 663, 711}. Random bit-interleaving in frequency was applied for the control data. The information block length was 254 bits that was appended with 12 CRC bits.
In order to evaluate the performance of different TX diversity schemes with respect to interference suppression at the receiver, 2 directional interfering eNodeBs are modeled with realistic parametrization of their interference power. The modeled interfering eNodeBs are assumed to use the same open loop TX diversity scheme as the common control channel in the target cell. Moreover, we consider the interference rejection combining receiver (IRC) as a simple multi-antenna receiver with interference rejection capabilities which is also called Optimum combiner (OC) [4]. With IRC, the branches are combined in the receiver to a single input data stream for the following detector using the branch weighting
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where wk, Rint,k and hk denote the receiver branch combining weight for the k-th subcarrier, the interference plus noise covariance matrix estimate for the k-th subcarrier and the channel estimate for the user of the k-th subcarrier, respectively. In our simulations, the interference plus noise covariance matrix is approximated by the correlation matrix of the total received signal 

 
[image: image17.wmf]H

l

k

L

l

l

k

k

L

,

1

,

int,

1

y

y

R

å

=

×

=

       k=1,2,3,…,K subcarriers,
where yk,l is the total received signal at the k-th subcarrier in the l-th symbol including the signal of the desired user, interference as well as noise. In order to get a reliable estimate for the matrix Rint,k, proper averaging is essential as has been shown e.g. in [5]. In order to improve the estimation by proper averaging, additional averaging may be applied in the frequency domain over B subcarriers 
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By doing this, we apply the channel estimate hk of the user on a subcarrier to subcarrier basis when calculating the IRC combining weight. But we average the interference information over neighboring subcarriers in order to improve the reliability of the estimate and update the interference covariance matrix estimate only every B-th subcarrier. In the provided simulations, averaging over B=5 subcarriers and L=5 symbols has been applied. We thereby assumed, that the interference and its corresponding transmission format is not changing over those 5 symbols (even the control channel does only occupy a single symbol). 
As a reference receiver, we use maximum ratio combining with the combining weights wk=hkH.
We consider in our investigations the open loop TX diversity methods which are the final candidates in selecting the open loop TX diversity scheme for the common control channel [1], namely 

· Space-Frequence Block Code (SFBC) for 2 TX antennas 

· Cyclic Delay Diversity (CDD) for 2 and 4TX antennas 

· Frequency Switched Transmit Diversity (FSTD) for 2 and 4 TX antennas 

· SFBC combined with CDD for 4TX antennas as well as 

· SFBC combined with Frequency Switched Transmit Diversity (FSTD) for 4TX antennas.

The simulation results for 1x2, 2x2 and 4x2 simulation setup for SCM Urban Macro (SCM-C, 4( interelement distance) for MRC and IRC receiver are shown in Figures 6a and 6b, respectively.

[image: image19.png]Block Error Rate

SCM Urban Macro - 2 Interferers: 2Rx-IRC

—4— Tl
===-Tx2,COD
-T2 FSTD
T2 SFBC
--B-- Tid COD
- D4 FSTD
=% Txd SFBC-CDD |
- T4SFBCFSTD |

-10 -5 0 5 10
SINR per Symbol [dB]




[image: image20.png]Block Error Rate

===-Tx2,COD

-+-Tx2FSTD

--B-- Tid COD

& THFSTD
=%~ T4, SFBC-CDD
- T*4.SFBC-FSTD

-5

SINR per Symbol [dB]




(a)











(b)
Figure 6:   BLER performance of different 2 and 4 antenna TX diversity schemes for SCM Urban Macro channel with IRC receiver (a) and MRC receiver (b).

Results in Fig. 6 show that the IRC receiver performance is even worse than the (non-interference aware) MRC receiver. This is due to the rather poor interference estimate the interference rejection combining is based on in this interference scenario.  To support this claim, we provide results with the same receiver implementation but just a single interferer and a large DIR=10dB (note that for single interferer the DIR corresponds to the ratio of interference and noise). The results for this scenario are shown in Figures 7a and 7b.
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Figure 7:   BLER performance of different 2 and 4 antenna TX diversity schemes for SCM Urban Macro channel with IRC receiver (a) and MRC receiver (b) for a single interferer with DIR=10dB.
With a single strong interferer, the IRC implementation shows improvement compared to the basic MRC receiver for high BLERs/lower SINRs but the IRC curves are flattening for the lower BLER/higher SINR region.  We can draw the conclusion that a significant difference in performance between ideal interference suppression (assuming perfectly known interference as well as channel estimate) and real operation exists. Some intercell interference suppression can be achieved in case of a single very dominant interferer. On the other hand,  receivers trying to actively suppress interference might perform even worse than simple (interference non-aware) receivers due to inaccurate interference estimates for several, not too dominant interferers (as in case of the 5% worst user population).

Let us next have a look at the performance of the different TX diversity methods in this rather correlated channel. Figures 6 and 7 show that pure cyclic delay diversity (CDD) and CDD combined with SFBC perform worse than the other TX diversity methods for both interference scenarios. This is in line with earlier results for the shared data channel in [5,6].
Otherwise, there is not a big difference in the results of the other investigated open loop TX diversity methods. Due to the high channel correlation, transmit diversity gain cannot be realized. As a result OL TX diversity methods with MRC receiver do not provide any gain when compared to the 1TX reference. However,  FSTD, SFBC as well SFBC-FSTD perform a little better in case of the IRC receiver which could be hint for a more robust interference estimation with respect to the single antenna reference.

Let us now see what happens in case of  Typical Urban channel profile with uncorrelated antennas at TX and RX. 
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Figure 8:   BLER performance of different 2 and 4 antenna TX diversity schemes for Typcial Urban channel (with uncorrelated antennas) for IRC receiver (a) and MRC receiver (b).

Again, Figure 8 shows that there is no gain of the IRC receiver visible for the two modeled interfering eNodeBs with 
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In case of this uncorrelated channel, pure CDD and FSTD perform equally well for 2 and 4TX antennas. SFBC outperforms the two other 2TX antenna cases for MRC by a small margin – in case of the IRC receiver the diversity of the SFBC interference seems to help to limit the loss of IRC combining in this case of limited directional interference. A similar trend related to interference diversity is also visible when comparing the 4 antenna results of CDD and FSTD with SFBC-CDD and SFBC-FSTD.
In case of MRC receiver, all TX diversity modes provide diversity gain at the 1% BLER level of  ~1.5dB for 2TX antennas as well as ~2.5dB for 4TX antennas.

5. Conclusions
In this contribution we presented performance comparisons of different open loop transmit diversity schemes for common control channels as requested in [1]. In the simulations, proper directional intercell interference modelling as well as channel and interference estimation have been taken into account.

The inaccurately estimated interference in case of the investigated Interference Rejection Combining (IRC) receiver [4] limits the interference rejection capabilities in the first place. Additionally, the presented results in this contribution indicate that for the worst users in the system there are several significant interferers present degrading the possible interference suppression further. In the end, it seems to be a better decision to not utilize at all a receiver that tries to actively suppress the interference for the worst case users interfered by several eNodeBs.

Considering the performance of different open loop TX diversity methods for common control channels the conclusions are in line with earlier findings related to the performance in the DL shared channel in [5,6]:

In case of correlated channels, CDD does not function properly whereas the performance of FSTD is not impacted by increased channel correlation. A similar effect could also be seen for combined SFBC and CDD. In correlated channels, CDD looses up to 6dB compared to other open loop TX diversity schemes as well as the single antenna reference.


When considering the results presented in this document, it becomes obvious that SFBC for 2TX antennas and SFBC combined with FSTD for 4TX antennas show the best overall performance. The results further suggest, that in case a single, scaleable (in the number of TX antennas) open loop TX diversity method is desired, Frequency Switched Transmit Diversity (FSTD) should be selected as the open loop transmit diversity mode for DL common control channel.
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