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1 Introduction

In the previous RAN1 meetings, some proposals for the transmit diversity method to be used for the common control channel (e.g. Cat.1 scheduling information) has been discussed. Link level simulations [1]

 REF _Ref146506068 \r \h 
 \* MERGEFORMAT [2] of the common control channel has shown that in the 2 TX antenna Node B case SFBC and FSTD both meet a 1% BLER target at 0.3-1.0 dB lower SNR than the CDD scheme. For 4 TX antenna Node B’s, the corresponding gain of SFBC+PSD and SFBC+FSTD is 0.3-2.0 dB over CDD depending on the scenario (intercell interference and channel correlation) [1]
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 \* MERGEFORMAT [3].

It has been decided in RAN WG1 that for the common control channels other than SCH, the transmit diversity scheme should be selected among these candidates
 
1) CDD/PSD

2) FSTD

3) SFBC for 2 TX Node B and 
A. SFBC+FSTD for 4 TX NodeB
B. SFBC+PSD    for 4 TX NodeB

where CDD/PSD and FSTD can be used by both 2 and 4 TX antenna Node B’s and the SFBC needs an extension in the 4 TX antenna Node B case for which there are two candidates 3A and 3B. The selection shall be made using realistic intercell-interference modelling, using e.g. a system level simulator. Some common simulator assumptions were agreed in Tallinn and are listed in the meeting minutes. A fundamental difference among the schemes 1-3 is that CDD and FSTD introduce rapid channel variations and then rely on the channel code to “collect” the diversity. The SFBC on the other hand, obtain diversity even on the raw bits due to its structure. The SFBC+PSD scheme were described in [4].
This contribution presents system level simulation results of the schemes 1)-3) above and will serve as guideline for the selection of the transmit diversity scheme to be used for the common control channel.
2 Simulator assumptions
The system level simulator consists of 57 sectors and a single probing UE was iteratively dropped in a random position (i.e. uniform area distribution). For each drop, the frequency selective MIMO channels were explicitly modelled from the four NodeB’s for which the received power in the probing UE was highest among the 57. An embedded link level simulation was then performed of the common control channel transmitted from the strongest NodeB’s with the 3 other NodeB’s transmitting synchronous and time-frequency aligned interfering common control channels. It was also assumed that the transmit diversity method in the interfering cells is the same as in the “desired” cell. The remaining 53 NodeB’s contributed with spatiotemporal white noise. 

It was assumed that the common control channel consists of an information block of 50 bits (37 bits were estimated in [5]) which were encoded with a rate 1/3 convolution code plus repetition of 2 to obtain the equivalent code rate of 1/6. Furthermore, QPSK modulation was used and the encoded block was distributed uniformly over the non-pilot subcarriers in the first OFDM symbol in each subframe. To obtain better coverage of the control channel, rate 1/12 can be used as was suggested in [6] but in this study rate 1/6 was assumed.
The use of a single OFDM symbol and the distributed mapping of the common control channel makes it difficult to use the IRC receiver since averaging in time of the covariance estimate is not possible and averaging in frequency is problematic (although it may be possible). Therefore, the MRC receiver was used in the simulations assuming ideal channel estimation and for each drop, the packet error rate of the encoded block were estimated. When SFBC based transmit diversity schemes were used, the MRC receiver operated on the equivalent augmented channel after the SFBC decoding. 
Furthermore, to be able to compare different transmit diversity schemes; the sum power transmitted from all antennas, per subcarrier was assumed to be the same for all compared schemes. 

3 Results

In Figure 1 and Figure 2, the simulation results for the 2x2 MIMO channel are shown in the form of cumulative distribution function of the common control packet error rate. The flat fading results in Figure 1 shows that transmit diversity is beneficial compared to the 1x2 reference setup and SFBC provides the best performance of the compared diversity schemes. 
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Figure 1 CDF for the packet error rate on the common control channel in a Flat fading channel, 2 TX antennas, 30 km/h UE speed.

In Figure 2, the SCM urban channel was used and the PER is decreased compared to the flat fading case in Figure 1. However, the transmit diversity gains relative the 1x2 reference case is now smaller since the frequency selectivity in the channel provides a great deal of diversity gain so the additional gain of spatial transmit diversity is relatively smaller. The performance of FSTD, CDD and the 1x2-reference case is comparable since the rapid artificial channel variations introduced by CDD and FSTD does not give any significant benefit over the reference case. The SFBC on the other hand always obtain the spatial diversity, even without the channel code.  
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Figure 2 CDF for the packet error rate on the common control channel in the SCM Urban 15( channel, 2 TX antennas, 30 km/h UE speed
Figure 3 and Figure 4 shows the results for the four antennas NodeB. The flat fading case in Figure 3, compared to Figure 1, show generally an improvement by the 4 TX antenna transmit diversity over the 2 TX antenna diversity since there is no frequency selectivity that provides frequency diversity gain. The combination of SFBC and FSTD give the best coverage of the compared four antenna schemes in this flat fading channel.
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Figure 3 CDF for the packet error rate on the common control channel in a Flat fading channel, 4 TX antennas, 30 km/h UE speed
In the SCM Urban channel, which has a high degree of frequency selectivity, the performance of the four TX antenna FSTD and CDD schemes in Figure 4 is about the same as the 2 TX antenna FSTD and CDD schemes in Figure 2. The SFBC+PSD coverage has a small advantage over SFBC+FSTD coverage.
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Figure 4 CDF for the packet error rate on the common control channel in the SCM Urban 15( channel, 4 TX antennas, 30 km/h UE speed
To summarize, the coverage is compared for the transmit diversity schemes in Table 1. The coverage is evaluated as the fraction of UE drops which obtain a 1% packet error rate or less on the common control channel. The absolute coverage in Table 1 may be too low for LTE but can be improved by decreasing the code rate to for example 1/12. Alternatively, the coverage can be evaluated at PER 10%, to allow a higher PER for the cell edge users. These common control channel link budget issues were discussed in [6]. 
Table 1 Coverage summary of the compared transmit diversity schemes. Numbers were obtained at 1% PER.
	Transmit diversity type
	Flat channel
	SCM Urban channel

	
	2 TX
	4 TX
	2 TX
	4 TX

	FSTD
	79 %
	86 %
	82 %
	85 %

	CDD
	77 %
	87 %
	82 %
	83 %

	SFBC
	85 %
	-
	88 %
	-

	SFBC+FSTD
	-
	93 %
	-
	89 %

	SFBC+PSD
	-
	92 %
	-
	90 %

	Reference 1x2
	59 %
	77 %


4 Conclusions

In UTRA, space time block coding (STTD) is used as the transmit diversity method for the common control channels and based on the LTE system level simulation results, we suggest that space frequency block codes (SFBC) which use a similar structure as STTD are also selected for the E-UTRA common control channel. 
For 4 TX antenna NodeB’s, the SFBC must be extended by combining it with either frequency switched transmit diversity (FSTD) or with phase shift diversity (PSD). The simulation results in this contribution show approximately similar coverage of the SFBC+FSTD and SFBC+PSD and in dispersive channels the gain of the 4 TX antenna transmit diversity schemes are not so large over the 2 TX antenna diversity schemes (i.e. SFBC).  Therefore, other factors than just the performance must be considered when selecting between the two. 

An IRC receiver implementation and corresponding performance for the SFBC+FSTD is unclear since on each subcarrier only two antennas are utilized for transmission, the other two are muted. This may have implications on the estimation of the covariance matrix of the IRC and it may be so that two covariance matrices needs to be estimated and inverted in the IRC which adds to the receiver complexity. This problem does not exists in SFBC+PSD since all subcarriers are used on all antennas and a single covariance matrix for the IRC can be estimated using time and frequency averaging.  

Based on the results and the arguments above, we propose that the following transmit diversity schemes are agreed in RAN1 for the E-UTRA common control channel: 

· For 2 TX Node B:  SFBC

· For 4 TX Node B:  SFBC+PSD
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Appendix
	Parameter
	Assumption

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

	Inter-site distance
	500m

	Frequency Reuse
	1

	Carrier Frequency / Bandwidth
	2 GHz

	Channel model
	Flat fading and SCM urban 15(

	
	

	TX antenna spacing
	4 (

	RX antenna spacing
	0.5 (

	UE speed
	30 km/h

	Total BS TX power 
	43dBm - 5MHz bandwidth

	Inter-cell interference modelling
	DL: Explicit modelling of strongest B = 3 frequency selective multiple antenna interferers

	Information bits
	50

	Codec
	3GPP Rate 1/3 codec

	Effective code rate
	1/6

	Decoder
	Max-log-MAP

	Receiver
	Maximum Ratio Combining

	Frequency mapping interleaver
	Random

	Channel estimation
	Ideal

	Modulation
	QPSK

	Drop length
	2000 subframes (1s)

	Number of drops 
	1600

	CDD Delay
	101 for 2 TX CDD

75/150/225 for 4 TX CDD


































































































� CDD=Cyclic Delay Diversity, PSD=Phase Shift Diversity � REF _Ref146683466 \r \h ��[4]�, FSTD=Frequency Switched Transmit Diversity, SFBC=Space Frequency Block Code





