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1
Summary
During the joint R1-R2 meeting held in St. Louis in Feb. 2007, it was agreed that there are two sets of system information to be conveyed, where one set is mapped to BCH while the other set is mapped to DL-SCH. It was still FFS if BCH is further to be split into P-BCH and S-BCH. 
We assume that the information transmitted on the P-BCH is required for immediate access to the system or to enable demodulation of DL PHY channels in neighboring cells. The design of P-BCH needs to take into account that the P-BCH 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. 
While P-BCH performance has been extensively evaluated in [1][2][3][4][5], we have not seen any analysis of P-BCH coverage at -6dB SNR per antenna. 

In this document we evaluate the TTI choices and the corresponding capacity of P-BCH.
2
Design and performance evaluation
Reliable reception of P-BCH 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 P-BCH design

Several P-BCH designs are considered in the following. 

· Option A: P-BCH is sent on preamble only (midamble is not used) – 10ms TTI
· Without RS power boosting, 816 tones are allocated for P-BCH transmission and 48 tones are used for RS. Note that with single transmit antenna, only the RS from Ant0 is present.
· With RS maximum power boosting by 7.8dB, 576 tones are allocated for P-BCH transmission and 48 tones are used for RS.
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Figure 1

DL Preamble – Short CP
· Option B: P-BCH is sent on both preamble and midamble – 10ms TTI

· Without RS power boosting, 1632 tones are allocated for P-BCH transmission

· With RS maximum power boosting by 7.8dB, 1152 tones are allocated for P-BCH transmission 

· Option C: P-BCH is sent on preambles only – 20ms TTI

· Without RS power boosting, 1632 tones are allocated for P-BCH transmission

· With RS maximum power boosting by 7.8dB, 1152 tones are allocated for P-BCH transmission 
2.2 Performance evaluation 
In the performance analysis we assume the channel estimation for P-BCH is obtained from the CPICH. 
However, we note that SCH can be used to further improve the P-BCH performance. The rest of the simulation assumptions are listed in Table 1.

	Sub-frame duration
	1.0 ms

	Symbols / Sub-frame
	14

	FFT size
	128

	Useful tones per symbol
	72

	Tone spacing
	15 KHz

	Guard tones per symbol
	56

	Receiver
	MMSE


Table 1

Simulation Assumptions
The detailed performance comparison is given in Figures 2 – 4.   
From these figures, it can be seen that with SIMO transmission and maximum pilot power boosting (7.8 dB):
· 50 bits can be supported on P-BCH at 1% with -6dB SNR with option A
· 100 bits can be supported with option B and C
Option B and C can possibly improve the P-BCH performance due to the additional time diversity, however, the diversity gain is only visible at high speed scenario. There’s no difference in the worst case scenario (3 kph).
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Figure 2

10ms TTI – 3 kph
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Figure 3

10ms TTI – 30 kph
 
[image: image5.emf]-8 -7 -6 -5 -4 -3 -2

10

-3

10

-2

10

-1

10

0

Es/Nt (dB)

BLER

CCPCH BLER (TTI=20ms, TU 3kph)

 

 

No pilot boost, 100bits

Max pilot boost, 100bits

Perfect channel, 100bits


Figure 4

20ms TTU – 3 kph
 
 
                
3
Summary
We observe the following:
· Roughly 50 bits can be supported with Option A to achieve 1% BLER at 99% coverage
· This is only achieved by RS maximum power boosting by 7.8dB

· Roughly 100 bits can be supported with Option B and C to achieve 1% BLER at 99% coverage
· This is only achieved by RS maximum power boosting by 7.8dB

· Channel estimation loss is non negligible 

· Pilot power boosting is essential in the center 72 tones if the channel estimate cannot be constructed from any other channel
Note that the capacity of P-BCH is very low mainly due to channel estimation losses, as seen from the plots. The code rate is already very low.

We do not prefer the option of boosting the CPICH only in the center 72 tones. This adds additional complexity on the UE due to modifications needed in channel estimation, when the system bandwidth is larger than 72 tones.

Therefore, to improve channel estimation at such low SNR, we propose to investigate the following:

· In addition to CPICH, SCH can be used to further improve the P-BCH demodulation performance
· Another possibility is to allocate additional RS tones for P-BCH demodulation

We are investigating these techniques further.
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