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1
Introduction
The information transmitted on the PBCH is required for immediate access to the system or to enable demodulation of DL PHY channels in neighboring cells. The design of PBCH needs to take into account that the PBCH has to be received in the whole cell (e.g. 99% coverage) with very high reliability to enable fast system access and detection of neighbor cell critical information. Yet, for the same reason, the TTI should be kept fairly small. 
In this document we evaluate the TTI choices and the corresponding capacity of PBCH in 1x2 scenarios.
2
Design and performance evaluation
Reliable reception of PBCH is required even for the edge UEs in the cell. With frequency reuse 1, the long term geometry distribution in different deployment scenarios is given in Figure 1 where we can see that the 99% coverage SNR (Es/Nt) per antenna is approximately -6 dB.
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Figure 1

Long term geometry distribution with different deployment scenarios 

2.1 PBCH Multiplexing
In [1], we considered several PBCH multiplexing options and Figure 1 outlines the multiplexing design recommended in that document.
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Figure 1

DL Preamble – Short CP
· Option A – 40 ms TTI – 4 subframe bursts
· PBCH is sent in subframe #0 in all 4 radio frames within 40ms

· 4x264 tones are allocated for PBCH transmission
· Option B – 20 ms TTI – 2 subframe burtsts
· PBCH is sent in subframe #0 in radio frames #0 and #3 within 40ms
· 2x264 tones are allocated for PBCH transmission
2.2 Performance evaluation 
Channel estimation losses are very severe at low SNR. Therefore, in the performance analysis, we assume the channel estimation for PBCH is obtained in one of three possible ways:
· RS only
· RS + SSC
· RS + PSC + SSC

The rest of the simulation assumptions are listed in Table 1.

	Subframe duration
	1.0 ms

	Symbols / Subframe
	14

	FFT size
	128

	Useful tones per subframe
	264

	Tone spacing
	15 KHz

	Guard tones per symbol
	56

	Number of information bits
	60

	Coding
	Convolutional K=9

	Channel Estimation
	{RS, RS+SSC, RS+PSC}

	Receiver
	LMMSE


Table 1

Simulation Assumptions
The detailed performance comparison is given in Figures 2 – 9.   We observe the following:
· Channel Estimation

· The use of RS alone as a phase reference leads to severe degradation in performance

· Use of SCH as a phase reference along with RS significantly improves performance at 1% BLER operating point

· Option A

· Gain ranges from 2.0 dB to 2.8 dB

· Option B

· Gain is ~2 dB

· Option A vs. Option B

· Option A performance is always better than that of option B at 1% BLER operating point

· Gain ranges from 0.3 dB to 1.2 dB, depending upon the Doppler
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Figure 2

Option A – 3 kph
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Figure 3

Option A – 30 kph
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Figure 4

Option A – 120 kph
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Figure 5

Option B – 3 kph
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Figure 6

Option B – 30 kph
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Figure 7

Option B – 120 kph
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Figure 8

Option A – 350 kph

[image: image10.emf]-10 -9 -8 -7 -6 -5 -4

10

-4

10

-3

10

-2

10

-1

10

0

Es/Nt (dB)

BLER

PBCH BLER (TTI=20ms, TU 350kmph)

 

 

RS

RS+SSC+PSC

RS+SSC

RS (time average=0.5ms)


Figure 9

Option B – 350 kph

3
Summary
Based on the results shown in section 2, we propose the following:

· Structure of SCH should be such that it can be used to the channel estimate constructed from RS for PBCH demodulation

· For more than 1 Tx antenna, a transparent diversity scheme such as V-TSTD (as shown in [2][3]) should be used for SCH

· PBCH should be transmitted in 4 bursts in subframe #0 within 40ms TTI
 
References

[1]
R1-072728, Structure of PBCH and Location of D-BCH, Qualcomm Europe

[2] R1-072011, Open Loop TxD for CCPCH, Qualcomm Europe
[3]
R1-072730, Open Loop TxD for PBCH, Qualcomm Europe



















































PAGE  
1/5

