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1 Introduction
The number of bits that can be transmitted by the P-BCH has been investigated [1,2,3]. The P-BCH should be designed such that it can be decoded very well in low SINR condition. To support the frequency scalability in LTE, the P-BCH is transmitted over 1.25 MHz band and thus, it cannot acquire full frequency diversity. In addition, the link adaptation techniques such as UE-specific power control cannot be applied to P-BCH. Thus, some techniques listed below can be useful for reliable reception of P-BCH:

· Soft-combining[4,6,7]
The coherent combining of multiple P-BCHs from different frames would increase the SINR significantly. However, since the system frame number needs to be transmitted on P-BCH, the soft combining requires further study.
· PVS[5]
If only one precoding vector is used during one TTI, the PVS does provide diversity gain for a single TTI duration and thus, the average detection probability of the first detection trial is decreased. However, if the UE receives multiple consecutive P-BCHs with each P-BCH using a different precoding vector, at least one of the receptions is likely to have a higher instantaneous SINR than the average SINR due to beamforming gain, especially when the UE speed is low. 
· S-SCH based channel estimation [5]
The S-SCH channel can be used for channel estimation for P-BCH if they are closely located in the time domain. Since the S-SCH channel is denser in the frequency domain compared to the reference signal, it can provide a better channel estimation, especially at low SINRs. But, the S-SCH based channel estimation depends on the structure of S-SCH and P-BCH, which has yet to be decided.
· Node-B specific P-BCH[5]
If the P-BCH is designed to be Node B-specific, its performance at the boundary of cells of the same Node B can be significantly improved.
In this paper, we focus on the soft-combining and evaluate its performance in multi-cell environments.
2 Proposed Structure for P-BCH
In order to meet the requirements of P-BCH (i.e., 1% BLER at 98% coverage), an extremely low coding rate should be used. If the TTI duration of P-BCH is one frame as shown in Figure 1.a, the resource overhead becomes high, especially for 1.25 MHz system. A simple way to reduce such an overhead is to extend the TTI duration to more than one frame. Figure 1.b is an example of the TTI extension method, where the TTI duration is two frames. The drawback of this method is an increase in minimum decoding time. Even for some UEs located in the handover region, the probability of having a higher SINR than –6 dB (corresponding to 98% coverage) is high; for most UEs in handover region, the increased decoding time is unnecessary. 
Temporal soft-combining of multiple P-BCH transmissions can solve such a problem. Figure 1.c shows an example of P-BCH structure designed to enable soft-combining. As proposed in [7], the dynamic and static parts of the P-BCH information are separately encoded.
For the dynamic part, a very low code rate should be used since the soft-combining cannot be applied. If the dynamic part includes information that requires a quick detection during handover, it is important to improve the detection probability at the first detection trial.
For the static part, a relatively higher code rate can be used since the detection performance can be improved with soft-combining. Thus, it is desirable that the static part includes the information that does not require a fast decoding.
In a synchronous network, the P-BCH signals from other cells act as an interference in decoding a P-BCH.  If the information of P-BCH does not change much with time, the interference is almost static. In that case, the SIR does not increase much even with the soft-combining, especially when the UE speed is low. 
To solve such a problem, two interference randomization techniques were suggested in [8]. In this contribution, we consider a scrambling code based randomization technique. As shown in Figure 1.c, two different cell-specific scrambling codes are applied to even and odd numbered frames. “Two different scrambling codes” can also be interpreted as “one scrambling code with the length of two frames”. 

[image: image1.emf]Static info.

<scrambling code  #0>

(c) Separate coding based structure with  10 msec TTI

TTI duration

Static info.

<scrambling code  #1>

Static info.

<scrambling code  #0>

Frame #(i)

Static & Dynamic info.

<scrambling code  #0>

...

(b) Conventional structure with 20 msec TTI

TTI duration

Static & Dynamic info.

<scrambling code  #0>

Static info.

<scrambling code  #1>

Frame #(i+1) Frame #(i+2) Frame #(i+3)

Frame #(i) Frame #(i+1) Frame #(i+2) Frame #(i+3)

...

Static & Dynamic info.

<scrambling code  #0>

(a) Conventional structure with 10 msec TTI

TTI duration

Static & Dynamic info.

<scrambling code  #0>

Static & Dynamic info.

<scrambling code  #0>

Static & Dynamic info.

<scrambling code  #0>

Frame #(i) Frame #(i+1) Frame #(i+2) Frame #(i+3)

...

...

...

...

Dynamic info.

<scrambling code  #0>

Dynamic info.

<scrambling code  #1>

Dynamic info.

<scrambling code  #0>

Dynamic info.

<scrambling code  #1>


Figure 1. BCH transmission structures
3 Simulation Results
The performance of soft-combining is evaluated in the multi-cell simulations. In the simulation, we consider the P-BCH structure as shown in Figure 1.c and  only the static part is evaluated. The simulation parameters are shown in Annex A. Figure 2 and 3 shows the CDF of average BLER for one and two transmit antenna cases, respectively. We can see that the performance of P-BCH is significantly improved with soft-combining when two different scrambling codes are used. However, the performance is not improved so much for one scrambling code case even if the soft-combining is applied. 
Assuming that the target BLER for P-BCH is 4x10-2 for one transmit antenna case, 93% coverage will meet the requirement at the first detection trial and 98% coverage will meet the requirement at the second detection trial. Figure 3 shows the CDF of average BLER for two transmit antenna case. The overall trend is same as for one transmit antenna case. If the target BLER is 10-2, then 93 % coverage will meet the requirement at the first detection trial and 97% coverage will meet the requirement. From Figures 2 and 3, we can expect that 93% of UEs within cell will have 10 msec longer detection time if the TTI duration is extended to 20 msec as shown in Figure 1.b. 
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Figure 2. CDF of average BLER(Ant:1x2)
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Figure 3. CDF of average BLER(Ant:2x2)
4 Conclusions
In addition to the minimum resource overhead and the reliable reception of P-BCH at very low SINR, the minimum decoding time should also be considered. In our simulation, 93% of UEs within cell have unnecessarily longer detection time when the TTI duration of P-BCH is longer than one frame. Therefore, we propose to design the P-BCH structure while considering the soft-combining at the receiver side.
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Annex A

	Parameter
	Assumption/Explanation

	Transmission bandwidth (MHz)
	2.5

	FFT/IFFT size, 
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	256

	Cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Carrier Frequency
	2 GHz

	Channel model
	SCM(Urban Macro 15( ), 3GPP Case1

	UE speed
	3 Km/h

	Number of occupied sub-carriers
	72

	Number of OFDM symbols per frame for BCH 
	4

	BCH TTI duration
	10 ms

	Number of transmit/receive antennas
	2/2 

	Rx Antenna Combining
	MRC

	Tx/Rx antenna spacing
	10 (/0.5 (

	Transmit diversity
	CDD with 144 delay

	Total BS Tx power
	40 dBm – 2.5 MHz

	Inter-cell interference
	6 strong sectors with 6 multipaths (signals from weak sectors are ignored)

	Antenna Pattern
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	Inter-site distance (ISD)
	500m

	Pathloss model
	128.1+37.6log10(d)  d in Km

	Number of frames per drop
	1000 x M frames(M=2, number of consecutive BCHs averaged), each 1000 frames are separated by 100 frame spacing.

	Number of drops
	1600

	Channel coding
	Convolutional coding with R=1/9( 1/3 with a repetition factor of 3)

	Channel estimation
	Ideal channel estimation

	UE receiver noise figure
	2 dB







































































PAGE  
4/5

_1239288961.unknown

_1239606332.vsd
￼�

+


X


Frame #(i)


Static info.
<scrambling code  #1>


Frame #(i+1)


TTI duration


Static info.
<scrambling code  #0>


Frame #(i)


Static & Dynamic info.
<scrambling code  #0>


...


(b) Conventional structure with 20 msec TTI


(c) Separate coding based structure with 10 msec TTI


TTI duration


Frame #(i+1)


Frame #(i+2)


Frame #(i+2)


Static & Dynamic info.
<scrambling code  #0>


Static info.
<scrambling code  #1>


Frame #(i+3)


Frame #(i+3)


...


Static info.
<scrambling code  #0>


Static & Dynamic info.
<scrambling code  #0>


(a) Conventional structure with 10 msec TTI


TTI duration


Static & Dynamic info.
<scrambling code  #0>


Static & Dynamic info.
<scrambling code  #0>


Static & Dynamic info.
<scrambling code  #0>


Frame #(i)


Frame #(i+1)


Frame #(i+2)


Frame #(i+3)


...


...


...


...


Dynamic info.
<scrambling code  #0>


Dynamic info.
<scrambling code  #1>


Dynamic info.
<scrambling code  #0>


Dynamic info.
<scrambling code  #1>



_1232211692.unknown

